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- ~ ABSTRACT ——  ———

The three wolumes of this se~tes, of which this {a Volume 2, are working mamusiz
for the designer of military ele. onic equipmeat, The purpose of these manunls is o
provide the engineer with essential data on component parts so that he may select and
use these paris in end equipment with the greztest degree of reliability,

Volume 1 discusses the criteria for propez selection of coiaponent parts generally,
the military specification system, the implications of the use of nonstandanrd paris
and, in the major portion of the boak, four basic compenent parts-—resistors, capaci-
tors, relays and swliches. Because of space and time limitations, the only types of
these basic components covered are those for which s coordinated tri-service milltary”

\gpecificauon exists,

This volume covers power zources and coaverters including selsnium, garvasates,
and sillcon rectifiers, vibrators, dynamciors, transistorized power supplice =i
battaries; fuses and circuit breakers; electrical indicating instruments; printad wirisy
boards; soldor and fluxes; choppers; blowers; sad transmission lines snd waveguides,
Moat of the emphasis 18 on component types for which military speciticaticas exiad,
but other types are covered as woll

\

PUBLICATION REVIEW
Tha publication of this report does not constitute npproval by the Aty Yorcs of e
findings or concluslons cantained herein., It fu publiehed only for the axchangs sad
stimulation of tdeas,

FOR THE CCMMANDEX:

e AT
George F. Watkins
L& Colonel, USAY
Chief, Blectronic
Components Laboratory
Directurite of Laboratorion
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INTRODUCTION

The overwheiming teed for improved relishility of milfiucy slce-
tronic equiptnest brought about the preparation of this dechndest ro-
port. Fachual information i8 presented on component parta needsd
by the equipmest desigrer to enable him to select the proper com-
ponent for a-particular application and thea to ueg it mo thst & relig-
ble design is reslized.

Thiz i3 the second of three volumes planved for thls regort, Vol
ume ! discussed four components—resistors, capacitors, relaya,
and switches, This volume glves application informaetion oa tha fol-
lowing componenis: povs+ sou ces and coavertars, fx9se sxi circuit
breakers, electriwal indicating inciruments, printed wiring boards,
soldey and finwes, chopoers, blowers, and r-f tragezaizsion lineg
and waveguidex, The compopants planned for covernge in Volume 8
include transformzers and inductors, connectors, wire snd csbls,
terminals, tube sadeids, vibration isolatora, guskeis aad ceals, and
hardware

#Military electyonic eguipment must pasform the itz for which £
in dosigoed, st ike reguived fnstant during o migaion, sod caday the
environmental comditions encountered. In cther wosds, e equip-
ment must e rediadle. B rust operate without fallaro for a glven
poriod of time,

Milltary cguipasant has becoms complex to 8 dageo which wes
unbellavable at iw close of World War IL {a opits of (e continual)
increass in cosmplexity, ralinbility must nol ealy be mainizived, bul
it must by lmproved 80 that now wenpouns will have the required
elfoctivences.

The unrell:bility of much of the preosent equipmest 18 Gso not so
much to unreliside compononts bul, tn many cases, to tholy Impropar
ues in circuits aad fo improper mechanical aod tiwrmat deslgns,

A mature enghtaeering design, Incloding &e proper zpilication of
compononts, mnsl be combined with o cspable mumuiscturing or«
grnieation equipswd to coatrol the quallty of maisrials, procodcueg,
and manufsciuricg operationg i the productica of relisble milituxy
equipment 18 to be accomplizhed.

The englneer'~g-msnufaciuring teamr musi produce g destgu that
can be mrnulrctered using avallable slectronle component pards fo
perform the vegoired task rellably In ihe hands of the cuslomer—
Tho Milltary Departments

To accomplish fhis, it 18 necessary to prove thw desiga and the
manufacturing operations by laboratory tosts, fle'! fesis, and evalu-
atlen tests, {irst, of the cogineering model and, second, of the pro-
ducilion pitot models. Thess examinationy must b mede by technical
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aed oporndonsd people tadsy serviee coaditions, and the necessary
porrectons must bo made balore the srt of production for actual
fteid usa,

2 iz Dopsd st o Fhvweratics feesd e hese volunes will mg.
terially ald the designer of miilitary oleciropic equipment in kg
affort to dasign and budld very rellzble equipment and systems fox
uge by our Military Depaxirasnts,

LB 3, CLEMENT

Mamber, Advizary Group on Relisbility
o Blectronic Bguipment, Olfice of the
Assistant Yovvetery of Daofensa (Ree
search and Buginesring)

Ciptrsnan, Blociroaie Applications Come
mitteo (MT), Blectronic Industries A
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Chapier 1

All slectronic equipmen requiros eleciri-
cal power, and ovor ths yearg svery practi-
cx! means of securing this power has boes
atilized, including hand-cranked eleciric gen-
oratora. Teday, most milllary olsctronic
squipment s powersd f{rom conventional
sources of a~-e power at varicus voliegoe and
irequancliog; but much {8 slgo powersd {roas
batterios cither diroctly, as iz the case with
poitabls equipmen?, or through guch dovices
a8 ths dynsmotor ov vibralor. Those geversal
gources of power are troated in this chapler.

RECTIHERS —SELENIUM, GERMANIUR,
AND SILICOM

it is s rare cltuatica when s-¢ powor ¢>-
{sinpble from prime movars or from peilie
wilities can be used withoul allsratica in
olectrosic eoquipment. Usually the vollage
mugt be lowered or Talped, and in virtually
every cacs conslderable d-c power 1s aisd
DeCASIATY.

ozt eleaironic equipmend gois ita required
direct carrent {rom tube rectifiers, xat sn
increasing amount of equipment uillines eami-
conducior rectiffors, Tho shift from tubde
rectiflers toward somicenductor types 15 very
ovidenl. Tubas as componemt parts of power
gupply systems and the systems thamecives
are dequately covered in existing Hterature
zad are not considered hore. Instosd, semi-
conductor rectifiers ars treated {n somo detall
to aid ths design englueer ln solecting and
velng them o attain the grealest degrea of
relizbility.

POWER SOURCES
AND CONVERTERS

Samicendector Rectifiers

Al the prsse.  time, such pemicomductor
malarials 25 selenium, coppver cxide, copper
pulfids, germanium, and zlicon are wid,
omployed ag rectifying olomsente, Bach of
these meclarisls hag advantsges and dissd-
VRBEIgse

Rost widely employad {n militery squipment
aré pectifiors using salonlum, bul coming
in .aueh widey uss are reclifiars mads from
cilicon and germaniwm,

Currest asd Voltage Ranges

Filgure 1-1 shows tha wide ronge of veldl-
ages and currenis belng suppiled by semi-
conductor rectifiers. Thus, {he ranga ie from
a high-volings low-current Sast precipliztor
(50,000 welis st 0.18 amp) to 8 low-volirge
high-curren! powor source for a syachro-
cyclotrvn regquiring 20,000 amp 3t 21 volts, B
{3 understoed, that this range is typlcal only
and rot Hmttng,

L Mniiiong

:

As '3 all other tocholesl matters, magn-
facturors and users of semiccoductor rectl-
florg have created thelir cen terminclogy,
often usirg words which hiave different meap-
ings in other branches of technclogy. A lew
of the goserally used lormg are dofined bekwr.

Forward Direction. The dlrection of least

resiatance ia current flow throwgh 2 rect-
{ying slement or cell
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Tig. 1-1. Typleal spplicationa ol 4-¢ power
which can be supplied by ~ =alcoaductor recti-
{lers. (A) Indusirial dust precipitater, (B) Bome-
typr dust precioitator, (C} Electronic, lels-
vislon, radio, audio amplific. s, &tc., (D) Motor
conirol, varisble speed. dynamic Praking, cle.,
{E) Povwer coaverslon, (F) Magrolic zmpilfiers,
{G) Automotive-batlery chargers, (R) Trickls
chargary, {I) Arc {uraace, (J) Cyclotroa mag-
net, (¥) Telephoase, Indusirtal trecks, businese
mschines, alrerafl, (L) Csathodie protectice,
{33} Eleniropiatiag.

Forward Current. Forward current is the

current liow In the forward or conductisg
directiom.

Forward Voltage Drop. Ths voliage drog
that results from the {low of current through
& rectifier in tho forward Girectioca

Applied Vallags Raing. The madmum rew-
cmmended s-¢ voltage thal may be ppliad
io a rectifier.

Reyerse Direction.  The directice. o
greatest rosistance to currrst flow through s
rectifyiog ceil

Back or Leaxage Current. Current thet

flows in the reverss directica whes the applied
voltage 15 oo ths sonconducting half cycle.

Back Voltage. Voltage drop across recti-
{lor when applied “wwliage is 1a ths nonconduect-
Ing or reveswsa direcie,

Pe. . Ioverse Voltage Rating. The maxdmum
patential .that may be lmpressad =0rvss &
rectifier wider epecifled conditirmg

Bapz Plaje. Metalllc plate co wrich reci-
fying material {» coated. Usuwliy a.. minuw,
nlcked pated, for aclenium celly.

Blocking Layer. Very thin lxyer behween
celeniurs and counterelectirods. Also called
th2 *‘junctica’ or barrisr layar.,

Cell. Bagic rectifier consisting of s positive
elactrods, a negative electrods, and a recti-
fying junction. A single coll is a rectifier;
rectifier gtacks are somotimes mede up of
gevaral cella

Counterelectrods. A good conductor sep-
arated from the selenium layer by the barrisr
or blocking layer, somstimes called ike &iloy,

Rack. An asgambly of celiz intp 2 completed
practical rectifier.

Certridge Btack, A number of oslis in
sarles, monnted n & uait for smali-gurrent,
digh-vollags applications.

Power Stack. A rectifier having long e ca
high-curren:, adium-voltags heavy duly. For
welding and general sihwp usa.

Tudae vs. Semlcor;ductor Recilllsrs

Botk types of reciifiers have advenlagss
and disadvantages. Gas-fillsd ket cathods
rectifier tubes may ba abowt ap ellicient ag
semicoaductor rectiflers sxcep® at low volt-
ages, but mosgt sleciromic equipment willisca
Righ-vacrum rectifiers, which are ak 59
efficienl.

The greater efficlency of tho sillcan or
armaniusy power rectifiers comparsd O
rrevum fubo rectifiers hss 8 very Laportant
bearing {n military cguipmeont whare reductica
in weight 12 alwar ~ welcome.

A useful study by FPerlman of Roma Afr
Dsvelopment Centsr, U. 8. Alr Forco, gives 2
direct comparison of iwo rectiler syslamg
employlng the same components excepl that
cod used & SULG tube and the cthor a zilicon
power rectifier. Table i-1 glves the dila.®

Th~ lower intarnal rosistance drop in the
wilicon rectiffer shows ud In tho decreased
inpt voltage required to deliver the required
cdput valtage (250) and curremt (500 mm}.
This means that 14 percvent fower tuma would
ba needed oo the secondary of the input power
iransformsr. Furthermors, no {ilament wind-
irg would be nosded. By redesigning the power
trans’ wmer and filter chokes, utitiring larger
wirs with loss volage drop, still further

TPerlman, Soi, "The Fower fuppiy tn Milliay
Bguiponent, '’ IRE Coavention Record, Pant @, 1934
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Table i-1-—~Rectificr Comparison, Tuke v. “licte

o, o

Vecwmm tubs. i faticon Siticon
Prepory ith original powor ith redusipued .
trdosfosmor aES edeiRs - nalormes
Taped Eowar, Saits 223 163 141
Amxda volizgs 391 229 280
rectiffer, voits ag
Bffistency 88 78.4 8.9
power millmtion, §
Powes dissipatod o % 43 18
" powrer supply, wolls

seonaraleg I waste heat could be secured.
Becausy the transformer and chokes would be
70 larger t{han those of the tube power supply
systsm and becsuse the atlicon unit would be
sailar thaw the BU4AG tube, betier placement
of these components within th  squipment
couvdd De socurgd. Whore the tubp ractifier
mightd have o bulb temporatuve rise of 150 €
above ambiont, & properly mounted cllicos
untt wenld probably experlence o heat riap
above amblent of only & te 10 €.

suited from wartim2 work cu crysial dicdss.
Since the development of the large-ares gor-
manium roctifier celis In 1952, over 20,008
xw for d-¢ power v have been in ialied,®

Well-desigred germanium and siliconractl-
fiers that sre vell made ean provic  iha
{ollowing featurese

i. Hgh efficlorcy. A2 rated cuvrest, he
forward vellages drop of gurmardum units wmay
ba lome than 8.7 volt aud less thao 1 velt fpy

Sorms ) ales polots owt tho fact that o silicon. Thup, thy volings and powskr losd ia
single powes transistos **ean oficctively per- ho rectifier itoall s vory low. {Ses Fig. 1-3)
foriz ns well as ten peries regulstor tubes . '
(iyps GOPOW) with abou one-fiftesntls of the A High revores resiotance. Dvor the yalod
powor love,” tomparstune yapge for each iyps, the reo-

gictance i the seeoonducting drectica io o5

Therafore, the faelaser of mw spdpusnd high thet the lonkege currant 38 negligibia,
should emterialn soricusty the posciiiiitiss of
wing silcen o geriaanivm roctifiors for the
porer cupply system  33d Zanqr dedan
~~ nover yaasistors a8 reguistors where the

vor cupply volisge must B8 regulatad.

8. Elabily. Tho fovward and roverss chay-
actaristics of a2 well-muds silicon ox por-
mwasluwe  boxction o act change with Gxa,
Hormotic meailng precivdes deterioratica of
ths roverge charoctericiics duvo to loakags
paths arvusd the fwaction crused by molsturs
or cost wiaation. Ths jusction s feemed
dering tho initlal fabsication process, o
acditional Juschion formntion 18 regquired whea
the rectilior i jpd IR0 sarvico,

B 15 worth notlag that 8 typdeal GCA aq.an0-
ment oueted 8 8 trsilor smploys aeigh?
fubo-regulntad powor sopplifes, that & 7-1/3-
wn leg-copaeily a1~ conditioning unit fs ve-
guired for cquipmen? enc®'ag, and that ihe
rador cafpmant oad air conditior-r esch
regulrs 3 ghsolize-engine drisen genersior
for Mo opevation, B is eusy to « wnliss the
savings i complexity, R s¢ @uslpaticn, and
walghd by proper usage of s aicondugior
davices festoad of coavontiondd tube sguip-
makd In zoch powor guonly gystsma.

4. Corredos sesistince. With the jurtics
sealed in o hermetle seckage, # 1o ths packegs
sud nol the ooz which dotermines the
abdlity of the rsctifisr to witheland corvoulive
atmospirsres and Hida,

5. Wide femporatars range, Proper dasign
pormits gormardum units to by oporated froos
-85 1o 105 € npyi milicon from -85 fo 200 C.
JAN zund Navy specifications are for s masd~
mum fempecature o 70 C for  low-gignel

CEINANRR AND SRLICON RRCTIVIERSE

¥ loow then o docads, sew semiconductior
rreditors made from gillcon and germaniuss
bave bocosue wajor compsiitors of the olisr
solentum, copper oxids, and mesneainm cop-
poy miiida fypes. Thoss now recliiers ro-

QWahi, R, B “Tircel $aler Cooled Gormariv
Power Roclifier,”” Comwmanifadoe and Rlactrozics,
AIBE, Jscuary 1957,
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Pig. 1-3. Comparison of melenium, germaniwn,
zedd silicon vectifler characteristica

gevmanium and 53 C for higher gower (NO3),
asd manufucturers producing to militavy
gpecificaticns will rol specify above 155 C
puabient.

€. Small sdre, The ounly Umitation oo com-
pactnegs ia the ability to dissipate the heat
gonarated internally. Bscauwse of ths low
forvrard-volicge drvop and szl leakage eur-
vent, littlo powsr must be dissipated by the
rectifler and, therefere, the rectifler packags
can bo small. “Some of the tranformeriess
uniis (water-cooled) have almost 10-kw oo
put par cublc foct of volums reguired and up
to 80 kw por zquare ok of floor space re-
Guired,”’

All of these advantages cannol bo attained
withoul soms minor concomitant drawbacka
Gormantum and silicca rectifiers ars not
pelfhealing when they are sudjected to voli-
ages in excess of thelr breakdown vollages
in ths way that selentum rectiflers somo-
times are. Overload currenis ynust be con-
gidered with more care in gormantum and
silicer. cells bocauge thelr low eifective in-
tern resistance does npot Umit the clrcuit
current, snd their high curreant densily re-
sults in concentrated heating.- Selentum recti-
flers find same measure of self-proteciion is
current Umiting Ly thelr higher cell reaist-
ence and Jrom lesgs concentration of beai due
to thelr lower current depsities

At present, single ailicon colls con he
supplied for maximum currest ratings oely

*viahl, R R., “Direct Water Cooled Gormanium
Power flectifler,’ Communication anx! Electreates,
AIKE, January 1957,

ag Mgh ag about §0 aww nverags. O Geo cther
sand, silicon can handle considsrally IMgher

. peak invergs voltages comparsdiogerrmanium

go that fewer wnits la ceries will ba regaired.
For voliages above about 160 {de) wheso two
or more germaniun: vulis in sarfeo wouid be
required, ths wae of a ailicon rectificr coems
indicated, Typical characteristics fer sliicoa,
germanium and sglesium rectifiers ave ihsted
in Table 3-3.

Silicon seems t0 have belter pesk hrerss
valtage characteristics with respect o fesn-
perature than germanium whoss loakage in-
crezses and peak laverss volings decxsames
as the rectifying juscos tempersiere in-
creases.* The same effects cctur with gllicon
but at higher temporaturen,

Although as stated abovs ths wholo sitontles
regarding thess ngwer typos of roclifters ie

. extremely fludd, the following sinionesds can

summarizs tha plcturs ags of Fedrumsry 1688
Teblo 1-2 glvss additional dats g i s=blact
to wide chinges with tims.

Solenium. Atiraclive from fha stanipeld o
long expsrience, wids power range, lsw cesl,
good reliabdlity, and overlosd protscem.

Germenium. Higheat in {orward oficlowey
but not swilable fov high-temporature oper-
ation.

Siiicon, Has definite overiond Hedf=ilons
but hag the highest operating femuvsrmivurg
capabiiities and the lowest leakags; oxpensive.

Thors is no ~lmple claar-cud amswor o
tha question **which iype of semiceedztos
rectifier shall bo used?” Each fype hag
certain curstanding characterigtics; sndwhers
these characteristics sre significast fs ap
application, they form 2 baais for s bogieal
selection.

Irn suramary, howover, solertum recfiffers
offer pood servico under condifions obere
overioads of vollage and current are Iregusnily
encountered. Silicon rectifiers offer Ngh-
teruperature operatlon and very loswr reverse
currents. Germaniure rectiflers oifar very
low forward voltage drope and excollest megn -
latioa.

Although tho fundamental principle of aper-
ation {s the game whether the semicondesxe
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‘imble 1-2-Comparicon of Bali-Wave Semiconducior Rectifiers®

Property Selenium Germamdvm | Stucen ‘]

Working curvont denolty
forward, amp per ¢ . | & 00638
Overload, current density,
forward, amp per sy in. ap to 30 imes $ 4imses
{zee Guly cycle)
Working forward drop of
cell, voltg 0.7-1.8 0.8-0.65 1.3
Initial forward drop .
(1-0), volts 03 0.3-0.53 0.4-07
Reverse curvent density,
amp per oq in. 881 ©.1% 81
Raverse voltage per cell, rms 15-45 3.5-400 3.5-1008
Reverse voltage per cell, peak 31-04 5-150%0 5-1500
Overload {reverss)
voltage, % telow MFIV £0 £ 0
Frequency, omsg 400-1908 20,000 20,6068
80 e (thin} | 50 Mc {thin)

Capacitance per sq ia, mnif 20,000 oid
2000 rew -~
100 future
BMox ambisni tesaperatuse
deg Ct 159 £3
Max hotspot temporature,
deg C 178 168
Hezt oink vegaised § Ne Yez
FHiclancy, B 88 &3
Largast sizs, ia —
{oreed ale ratiay, amp 12x 18,78 (£33
Bwmalleat gize, na 8 (Byntron) £.5 1.8
Reslstance to contaminatica Thick paint und | Hermetic Hevrmatée
hermetic seal goal peal

¢ ¥rom R, C. Hitchcock and 8. E. Biayshaw, Syntres Comzany.

1t Two typez f selentum: atantard for 43 C ambient 2nd $0 © hotapal; Bgh-
{emperature vaits for 136 C.

§ Jelentum is &0 aren-typs rectiflor with a budit-1n koat siok.

is germweium, seleniums, or ailicon, the Coll Blewnonts, Listed ~low ave tho parts
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methods of congiruction and operating char-
acterisrics diffexr in varlows ways. Foz that
rezcon each fype ig treated separately im
what {odlows.

SELENIUZI RECTIFIERS

Aslde {from instrumeni weclifiors, which
omploy eopper oxids, seleplum wndis are the
moeet widely uped of all the semiconductior
types in the olecironic indusivy at ths present
tims. There are two basle forms of this
roctifier. One tg tho enclosad eartrldge style,
consgisting of a numbozr of disk cells {n inti-
mate contact, which s irequentl sed fa
low-powsr circuita, Ths other is w.s stack
form commenly used in medium- and high-
power circuita

Constrection Detaila

Tho ccastruction detalls of 2 typical selo-
atum cell are shown in Fig 1-3

of & ainglo peieninm rectifier cell. Tha mern-
facturing processes degcribad ave desie, ench
manufacturer’s precessos varyleg.

Bags Piste. Ths basge plate Iz aluminwm
from 0.10 2o G.40 inch thick, ond is elther
nickel or Mamutl plated. Ciloa i3 is glchsd
When expenss is nol imporisnt, a ecid mickel
basa plats gy bo used; but whes econcmy i
important, ~. iron plate may bo clad with
aluminu~ >rA4 then nickel plated, Tha nmickel
is essontial o make the soalenius adbsre fo
ths bago plate.

Selentum Application. Actug! meihods for
. spying the sslenlum are each razsufncturer’s
pecret, i lu geo the material may be
ovaporated omo the pase plate, pressed on B
frou: o powder at 2000 pst gt 125, or sp-
pled in a molten layar, By coutrolled best
treatment, this selenlum layer {g coaverted
{0 the roquired crystalling stichare,
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Fig. 1-3. Basic detallo of o saleninm cell.

Blocking Layer. The methods by which (he
blocking layer i applied or the material {from
which it 15 made are secrei. A poor blocking
iayer 18 n major defect in an otherwlse gosd
rectifier and is the chlof contributor in cell

sging.

Countaerslectrods. Thie (s 8 layer of cag-
miwm-bMemuth or cadmium-tia, sprayed oo
1ha golenlum suriacs,

Btacks. Individual sslentum gectifier calis
are grouped in stacks, witch include thros
broad classifications by una: cartridgs, radlo,
and power. There will bs cases where ths
line of demarcation is nol vlear-cut, but In
general: cantridgo stacks are groupa of cells
in geries for high voltages and low curvents,
800 volts sod up, 50 ma and down. Radlic
glacks are groups of collg in series for
medium voltagos and currents, 150 to 408
volts, 80 to 500 ma. Power atacks sre single,
sorles, or sorios-parallel cells {or medium
and low volizgoes and heavy cwrrenis; 3 to 30
volts and hundreds of amperoy for electro-
plating, 30 to 60 volis and 100 to 500 amp fox
welding, 125 to 460 volts and 100 to 1500 awmp
for applications where powsr ofthis magnitudo
is required.

Cartridge Stack. Round cells can be stacked
in geries, all facing the same way and In
intimate contact. (8ee Fig. 1-4.) A metal alug
at tho alloy (positive) end, and a holical spring
at the base met2l (negative) ond, are pushed
together {o make = tight spring-locded as-
gembly. Glags-to-metal sealing compoung
provides 2 hermetle seal. (Ses Fig. 1-4)

TN g T g emage gt Vgt WA eepan ey e L e it Sart] N e e ) Pt <y, SR e Yy S r————— YA

The Beg sad pprieg ove dlacsrsieaed so thad
the calls ave ouiclido the cdzes of the ferzuly
connssticaa,

Tho thickuess of o veellflor dcke varies
with the manafzciwrer, frem 0.610 to 0,049
fnch thdek bace plate, plus obowl §.008 fmch
of spolenivm asd dloy, 50 thet o retive staek

lengih ranges frems

valts pes lech » 1,/0,618 = §5.8 B to
volls por inch = B,/0.040 = 20.8 B,

whero K, is ths lsvoree reverso voitnge rating
of sach cell, Actum} working lengih dopends on
both the woltage ¢l the cslly ard ths numbay
of eollg,

In gazaral, the aslivo lepgth
L = {volts regrized)/ (volls pae inch)

Thorclore, for n G000-voR ciack with 138
celln, each with B, cguals 40 wolts, the two
wdramen of activo Jonth ave

$.018 3¢ B000/40 = .83 inch,
and  0.043 ¢ 50050/40 » §.80 inch.

Radlo aud Powers Blacks (Open Consiructoa),
in ‘goneral, the consirnciion o & wpical Mack
is 2% follows: The individunl eslls are as-
gombled o 8 metal mountng sfud insulnfed
by o lsogth of phenolic tubdng, A small insa-
lating washar 18 placed ngaingt the alloy mide
of the cell. A lsrger spring-cosinct woashey
i then placed over the insulaticn (pressure~
Umiting) washer and against the alloy slds of
ths ceall, Rach individusl cell ig ssparstod by
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Fig, 1-4. Eeploded viow (top) of seleaium
cartridge-typo rectiffor stack. Asssmbled
view (bottom) of selentum cartridgs-tyns
soctilions.
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afther metal or izmiating spscer warhars,
depending upon whsther or not direct coa-
nection between cells iz reguired, The #~¢
and d-¢ terminals ave thon placed in thelp
propey positlens on the acsembly. Fizaly,
inguiation washera aro sdded st the eade, n3d
the enlire assomdly in secwsed Bith lpok-
wrasheors and nuta, Tho polarity of o rectifics
may de dstermined by inspscling the siacks
ihe aide of the cell with the oring wnshae
18 always posilive, asd ths plwed «ds ig
nempaiivy ®

Power stacks are chssacierized by beavy
currents which rogeérc large plates ar collm,
Figure 1-3 shows a etsck of 8- by 10-inck

“eells with iwo moling etwds, Figuze 1-8,. -

gleo shows u stock of 13- by 18-inch calls
oith aix shuds. The construction is ths come
as in Fig. 1-6, excopt that thotrblng, washers,
and 30 on, are dupicated for eoch sind,

Spring and Coataet Washoro, Figure 1-9
aohowg come typleal contact avvengementa,
& solontam rectifier cperates satisipctorily
whon tharo is o dofiwite smocount of inbercell
pregsure; too Uitle i3 bad for tho fovward
drop, snd too mueh cyuslhizg the sslenlssy
eryatailine surlecs snd rules the reverns
vollage chavactoriciiea

Spring Washer ced lenlating Spacer, Flgars
1-T(A) t8 8 good srrangemant, vwiod by the
piack of Fig. 1-8, where IW is tho ingulaling
washer which regtricts the mexivaum saction
« the mpring washer BUW, Thorofors, axiel
force exerted by the soenting bolt will sgusszs
the cantact washoer Hight against ths ingulating
wachey, bul no? agaiusk the worldnmg owen
{WA) of the seleninsm.,

Sinusted Spring Comtact. I Py, 1-7(5) a
ginuated spring member makes mullipls coe-
tacts on 8 working area of alloy and ssl3-
nium. An advantage of thls tvpe is tho frze
flow o alr through ¢ke exvzved spring mermbor.
It i8 ot easy (o prowide dofinite spring prog-
surc, or = low-rarisiancs condact with Fig.
1-7{B). This type of ccotact 15 msinly used
for radlo stacks of relatively low current.

Solid Cantact Washer. Thie contact uses @
poltd contact washor CW, as shown in Fig.
1-7(C). A thin {nsulating washor IW is placed
on the relenlum layer balors belng sprayed
with ’llay. Thig fesulsting washor is slghtly
Brger in cutsids dimmsier than the conotact
washar. Whon the wolid contact washar CW

¥ ADN-11047, 10 June 3958
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¥Fig. 1-§. Power steck (iop), three-phaso
foil-maye bridge, 6- by 10-inch colin
Powor slack {bofiom), dall-wave 13- by
1§-1gek calls

<

is squoczed Grmly, R eannct damsge ths
worklsg sres ¢f the selenlen WA,

Soltd Contact Disk. This type 1s shown on
Fig. 1-7{D) where {he wosking area is in the
canter of the cell, A thin nsulating wagher
hag g ceatral hole arcund the working arsa,
and the coumtereloctrode 15 placed over bolk
the ingulating washer and working avea. The
diagram is exaggesrated for clarity, Rocka
of thees disks can be prossad Urmly togothor
without crushing 8w solenlum in the active
area. The schema of Fig. 1-7(D) 15 exponaiva,
and Ior low-curremt applicailens it is wot

often justified. The consiruction of Fig. 1-4,
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i Fig. 1-8, Crosg-coolion vinw of o vadio-lype rectilise gt
with a slagle contnet spries o8 oro e3f, is Sraigd-Tdne Cunstraction. B 12 olioa can-
aduquate for diais wp iy 0.508-1nch Alnmsiae, @ 2 otk o an apsezeidy ehaniping ang
in wihich $ha whols surface is tho gellve anea. frem 8 vesge sandpalst o bave s roctifies
gleek mado in o sagle deaiy Meo. Is Fige.
Cross Comector . Ga Fig. 1-5thotar=amnle 243 a4 1-49, ull zeclifiers are #larwn acha.
ara coppoy mueps Fising fvom the copdeal mefleally s 2 piealghd Bes wilh oxderand
apring wmehsro. A the fop, B0 commmos comezeiion polnty indicaisd by swmall sivelon.
tormiraig o '3 jolned by 8 evosr  canoclex, 89 Approssizte lnoulating warkerg are provided
that sy are parnilelsd, i« v 1-B beg 0 Eped o cirewlte olocivieally sopsrute, For .
threz-phass inpal, the loR-lined edge shnwing exsmygio, the ‘hree-phacs foll-wave bridyge
tirce sots of inpul tesminala. Tho d-c onipud “Z7 of Fig. 152 may be dsplicuded aloee
‘ has 10 terminals, cach with 2 spam toredieel trierTy by umlng wix half-wave miacke “HY
parallel connaction, of Fig. %-48, or thres gogie-dmes doubles
, . secke cuch g these aood n Fig 1-40, o
Figure 1-5 shows o if-wive stack with generzd, thoe odded space ie nR availsble for
two terminnis, the froat of Firy. 1-8, the soparets veclber stackas, and o sirsight-
? shori left Lus §s . .nocted o the longer rigih- Hes cinglio-undl commiruciion im proferred
& hand terminal by & short, wolded erons co- iowever, thy dosigror shoald bewy In mind
nactow, thst §% I8 vt good practes to condimg in &
) gingly elach rectiflors fursdelny power io
i Praventing Celis ¥From Taralpy, Wiea o goparate electricnl cirenils and thad tw mani-
eoll has two ox more rowwd holes, thave s mum ghaek longth must bo conmistent with
o problem of tuning. Sos Fig. 1-8(Ch The shock and vibration requirements tmpoped
mounting brackel i5 cecursly bold by #ho by milary sorvice, )
sluds, with tho conmyuctica arcued each snd
as ghown in Flg, 1.8, Torminala. Aay desired type of torming!
way be cuppiied. Small cariridpy sincke ofien
Bquere Holo, On Fig. 1-8{4) a syunxe hole bave fomo-cllp connectors, or pigtudl lends.
in each call Is filled with u cgoars Inealuiing Rodle starug have solder-typs or plug-in
tube which poovents turning. Coviowely asy boanana lerminale. Fower sincke usvaliy have
shape which i not elrculur czn repincs e bolt-on comnsetions,
AQUILTS SUIDR, . .
q Brodirets, Mounting brackets are used on o
Rdge Holes, Figuro 1-8(8) =hows 2 exli mricty of applicatiors. A rigld-angled plecs
Lo mﬁéﬁémmax holes to fit dnsulating roda, of wteal ip bolted to the rocilflor stods and to
Iy which in turn are hold secwwely by ihe end . spparstus weing the reclifisy, On lange
_platsa, sl placks, tho brucket ssrves s dunl PaL-
1%
. BT T ey s e
-.;’\; = - e :,'w _.,-:'\r "_ -
R R PO NS v e - } - A .
e R S et -
1 - - VFr_“_ B e e - — T Ty
.‘f"'“_ T —— .8 paliess,® s it b St in: i - =




- 5
L] P .
IO I ¥

P>

o
F s
%,

e R S

e e kel o3 stentlon s Mitmretin Al ot I Dan e W pprovaERs

R U

. PREE

posz. It holds (he reciifier in pisce and £8
protocts the plates Irvm phyel2al damage.

Frock-mounled brackets arg 2 gpeciel cuge.

For come applicaticns of ceyors vikration, v

expeeted shock, the brackete sy intentionally

. mseds rosilient tv minimize the shock rang-
wittcd to the rectifiey siack.

. ¥ucapsulation, In some instances a colld
insulating maferial surrounds the rectifier
stack; the terminals ewserge to make elec~
tricnt connections. The purpsse i to reiard
“or peovent the ponstrafion of modsiure to the
golln. The insulating roaterisl is wamlly 2
thermose’ ling plastic, which gats balow 80 C,
sinco bighsr tempersturse may damage the
ealin, Encappulpted rectifiers arc not as
readlly cooled ag those which may be dirscily
goolod by convection or forced alr, nod are
adten derated on allowable loed cwreszta. Fox
Bgh-voltage cariridge staciks, 8 vacoem and
prassure Hghd joint of terminel caps and sur-
rounding ingulating tube is reganrdod as a bape
metfe esrl.

Paint and Varnigh, Aftor asgombly avd taat,
& pelentum ractifier 14 vaually raveted. Pirst
the torininale sre magked off 2ad then ths
paint 1o spplied by dipping or spraying. Ths
ideal coating iz gomewbat floxible, epagua,
8:.. gtrongly adhsront. In addition, it muet be
compatible rith the rectifisr. The goal io 2
coeling which resiste normal atmosphorie
conditions of dust, molsturs, aalk, stmcephove,
and fungus growth. The paint may bo aix dried
or baked dry. The oxact formulalion vaxies
with eacls manufacturay.

Salt-Bpray Finlsh., To succosolaelly resist
«all spray, a thick coating 18 needed. Usunlly
this i a multinle coating. If 1§ isbaked it mumd
Do 2l & temporature coangisten? with ibe ga-
lentum cell charzeteristics,

be applicd affer all other paint coata. As a
rule, the fungicids finish i3 applied while the
terminsls are magked. After the bao bars suy
coruiected permansntly, it iz good praetics to
spray them with the fungicide finiah. Fungl-
cide finish {s recommended for tropical or
extra high bumidity applications.

% Fungicide Finish, A fungicids varnich may

Final Test. Following all paln? applications,

the stack 18 given a {inal togl

Voliage Test to Ground. The studs (orbolts)
sed mounting Drackets are tosted by 80-eycle
a-¢ equipnusnt, usually with twice ihs rated

. u
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Working ree

7ig. 1-T. Typical contact spring arvangoments
fos steshing. (A) Spring washer saxd insulating
macer. (B) Binuated spring contuct. (C) Solid
contact cpacer. (D) folid control disk,

voltags plug 1000 vollg to oach tormimsl,
Theswe should be no breakdown,

Operziicn ‘Test. Typleally thiz i3 e two
garts for a oingle-phage bridgs: firct tha n-¢
volloge drop, with the d-c terminals short
cirenited, i mersured; the the revorss s-¢
curret at rated a-¢ voltage, with tho d-g
tarminalg open circulicd, ig meonswued. Test
dst2ils aed requirements of the milliary syec-
ifications are given lator in thig chapler,

Col! Formatlon, During tlds process the
mlocking inyer is formod, that is, 1ts resis-
ance in the reverse direction {sincreased. Be-
fore forming a cell may refuse fo pass ap-
preciclds curremt with up to 10 velts opplisd,
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Pig. 1-8. Mothods used to provent cell rotation.
(A) Single ronround hole. {8} Edge boloa. (C)
Two-hole agzembly.

but, 2fter forming, the blocking voltago maybe
ag bigh 2s 45 voiis, The acternl forming proc-
ess conpistd in ..oelng cuvvant through the
ceil in the reverss directic. according io a
dafinite Hme schedule,

Cell Tosts., After forming, the colis are
tested and may be rated io groupa. Flgure
1-2 glves typical cuvrant densities fozr two
types of servics, coovection cooling, and
forced-aiy cooling.

Convacticn Cooling, For this service, the
cells are tosled with & forward cuvremd of
6.700 amp per sg in. whore the forwnrd woli-
ag2 drops aro 2z shows In the table below.

Rectifier Porvard veltegs
grads drop® (voits)
A 09 - 170
B 1.321 - 1,46
c .41 - 1.60

Forced-Alr Coolins. For this gervics, tho
ceila are tested with a forward current of .35
amp per sq in. where the forward volinges are
28 shown in tha table below,

Rectifler Forward voltage
grade drop® {volis)
D 1,50 - 170
B 1.7¢ - 180
7 1013818
G 2.11 - 3.3
B 231 -2.50
J 3.51 -2.70

S

* Rating and tesiing woad by Bysiroa Coanpany,

iz

For coavection applications, ths curves fox
A, B, and C cells ire mot ganerally applicable
above 0.700 amp par g in, because of random
variaticas in cell characteristics, That 13, an
A celi doss not necessarily follow the sres
batween curves I and K of ©ig. 1-9 at current
densities higher than 0.700 amp per aq in.
Hovaver, because the test for D through J is
gavere, it i3 pormissiblie o use aDoran 5
cell for coavectioe-coclcd conditions as an A
cell at ecurrent dsugities of 0.700 samyp per
sq in. Similarly, ™ and G forced-air ratings
can be used as B convection ratings, and H
and J for C coavection ratings.

]

Figure 1-18 shows the rms forward valtage
drop 28 8 function i Icvd current {actor for
six typical B-rating selentum-cell circuits,
Bxampias: A single-pisse bridge {or capaci~
tor or battery loads, curve i, at normal load,
will have & rms forward drop of 1.82 volts.
For a aagle-phase bridge resistance load,
cuzve 4, at pormal lead, will have a rme for-
vard drop of 1.18 volta.

High-Deasity Colla, At present there 18 oo

agreomant on whal conglitety: a “‘high-don-
gity’” forward curremt for a zelenium cell
for coaveciion-cooled spplications, Cae wug-
gested bigh density is 0.860 smp per =g in.
for bridge-circuit rosictance lords, and 6.505
amp per sq in. for a bridge circuit with ea-
pacitor leada,

The resl question is nod hei of forwarg
cugrent densilty b o the operating tem-
poraturs. 4 high donsity cell will run hoiter
than a slandard density cell, with shorier
expiocted iifa.

NEMA standards for metalllc roctiffers,
MRI-10568, &ates thel the normal current
density of & ¢ingle col{-cooled solonlusa cell,
oporating at an ambler? tempsraiurs of 38 C,
shall bs aporosdinately 0.28 rms amp (0.18
amp dc) for esch syunre inch of rectifying
area. Ths actual currest donsity at which s
particular rectifier coll {o ruted dapends ugpos
the qualily of t*- produc? and the wmanufac-
turer’s interpretation of zormai life expoct-
ancy.. For military applications, where ths
dosign ambleni tomperatures normally ox-
ceod 80 C and whare high relinbility and long
life are lmporiunt considaraticas, convectioa
cooled coll current densitles at which ths
rectifiers are used are sormally much lowsr
than tha 38 (o 40 € hasic rating, which the
roctifies mamdacturer nazigns to his colia.
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Tho voliage mting of s pariieniny roctifier

deponds upoa that of ths Individual lates and
whathar tha plates axe it iogotker o sorles
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P

PR AL % e ot Hutashaiiilatme Sate

POFTSARD VOLTE D

2 cxu.

o paraliel. leavly celeniuwm plates vore Be-
ited to laput mmg\. rakings of 14 ¢o 16 veits
rmg, but mors modern technigess havo mads
woszgible & randasdized soriss of ighor rob-
ine, Botally of 48, 83, 38, 40 and 48 velis.

Tho wss of 48-wslt plslos may resull In gulb-
crantial reduction in the adze aod wolght of &
stack., For oxampls, i applicaticas reguiring
30- to 38-volt é-¢ sudput iintoa rerigtive or lu-
fuctive load, sn B-plate, single-ghazg, bridps-
vectifior stack 18 needed ¥ 30-volt plates arg
vgod, With 45-voit plsies, tho assembly ciwmby
reduced to 4 plates, giving & syace and wolght
redustion of about 89 percont. Depending voom
sppiicotions, slrsllar roductions are wmmw
with 3$3-, 38-, snd 48-volt platen. The misd
for 12-veit bmmy chorgers dictated by o
rdvent of 13-voll igmilon gystems in msto-
menilen i 2 cozs Io poind, The most econsm.
fesd clrowit for this gpplicadion {g' 8 canter-
tapped bridge, for which o paly of #.voRd
platos por orm aro mormeally reguized, Tho
rectifioxr apoombly csa, howevay, bn reduced
fo abowt half slzo by welog & slagly HKevelt
wlats por aran,

BRLENIUN RECTILTY
OPERATING CHARACTHRISTICS

Cporating charctesisticn .. Hor with meth-
ods of monufackure, sg2, tomporaturs, snd
oibar varisbles., Al kowover, doglay the
typical stesp cwrrast xieco with voltage s the
forward dirsction, s=d the relafively flad cuye
rent ewrve with volimgs in ihs reverco &.
roctlon, Note thad ¥a Fig. 1-11, 20 volis i
tha vaverse directise produces s curront
through the reciiflieyr of cnly 0.004 amp por =g
in. of surince, wiils ¢ly 4 valt in tho forward

-

b3

.\

Mx-o‘sr-n Msn c:ﬂfw- /
*p O-x wava, o 10843

T D-C vl
f [

20 23
1GR9 PRCTN

05 10 3o 3p W

¥ig. i-10 Porvand soilngs drop (DY) of esle-
atem veclifiovs, 38 o feociion of load {actos
for varicus circuits
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The current paseed by 2 solosium reelifler
{5 2 function of tha voltag. and the arez of tha
rectfying surfzce. Figure 1-12 ghoes the
approximatoly straipik-Yirs relotion with radio
stacks on log-log mcales of cusremt S8
function of area for & glven voltaga. Although
only two standard vollages, 35 and 45, arg
sghowa for two circult canfigurations, singlo-
phass and glu-phase star, the range of cur-
rents that can be handled s clear. In Fig.
1-13, typical forwam? correst denslttes fox
rosistive loads are glven ae a functica of ro-
verss voliage snd the oumbdor of cells in the
stack,

Tgure 1-14 gives & comparison of hs cur-
rent ohiainable from aoveralcircultz, sliuvaing
tha samé celi.

Life Bxpoctancy
The operating lfe ths: can be obitwized is

mainly & funcon of tha temperature st wiich
the rectifier oporstes. 2Moisture vapor aud

v 020
2 3000\\ 0.8
3 2500 : E«Z—’ 0.i6
o ]
i \ %g 0.4
3 2200 { 2 0l2
. - Og
é g ol 010
} > 1800 - &
3 y k i %&’ 0.08
N z : ©
! @ 004 f;
h 1000 o N FORWARD
i o ~<-REVERSE VOLUTAGE 0.02 ; VOLTAGE ]
; g-; 24 20 1% IS”% & 4 A v
= . ! 2
10 g \ Zail n{:-«— 0.004
4 8 x\ / ‘é’ﬁ 1
1 200 AN W +— 0.008
] 0 e Ej% T
i 0 0z 04 06 08 10 "“&’ o0z
4 ot 03 05 67 03 L2 I N
b FORWARD VOLTS, DB
: Fig, 1-11, Curvas for a typleal selealuns rectifier, forwssd vollage e forward recistascs
] (left}, end vell-amzore choracierisiie (3 ighth
diraction permits over 0.2 ump porx o v, to Ught o ihe juncos ave alco f{actorg that
paze. govers the usalul His. Bnd of useful lle (s thad
point whore the alternaiipng voltage required
Direct Current Obtalnahls to produce ratsd owtpt cusrent and veltnge
sxceeds tha valus gpecified for a fully aged

cell. A typical relaticn betwoon ambioni tera-
perature and life i5 shown in Fig. 1-15{A}. For
(ks particular cass, the manufactuver atsisn
that & life span of 20,000 dourz can bo ox-
pocied at 35 C, bk only 1600 hours at 130 C,
rithougts manufacturers can supply units for
oparation up to 150 €. Low-teraperature callg
are Hmiled to the oparating conditions to the
g of the dotted curvae n Fig. 1-15(4). In
this cazs, life is dofinad ag a 100 porcent jo-
creass in forward veitage drop from iis in-
filel veing.

Although a tempsratuze high enough to
melt the counterelectvoda causar gure fajlusg,
lower tomperatures than this can definitely
bs detrimenial to racBifier lfe. Figure 1«13
(B) shows the temporature rise abowa s
20 C amblent, from 10 to 100 porcen? of tha
full load, to bs 883 C. H the tomgorature
iz high encugh to afiect the barrier layer
adversely, but nrot bigh enough to molt the
countersloctrods, rupiura of tha barrier isyer
occurs and a reduction of rectificativa ca-
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0.28
5 10 20 003

OUTPUT CURRENT, MA OC

Pig. 1-1% (Laft) Permissibje curremt us a function of ares, resistive, or inductive load,
40 C amblent, convection-cooled radlo and power selentum stacks with 1.8 cells: 1, 45-vols
celis, single~phaca, half-wave. 2. 38-volt cells, single-phase, half-wave, 3, 45= vo!t colls,

three~-phase, full-wave cenier-tapped. 4,

23-volt cells, threa~phase, full-wave conter- tapped,

{Right} Permiesible current as a fuattion of area, reaintiva, or indective lozd, 40 C amhiaaf,

convectioa-cooled cariridgs stack.

prefty roouits. At this polnt R is lkely
thal an copen circudt will cccur in the barrier,
bt the vemairder of the rectifying area
eootinueg to function. Pertial or complete
fotlure gengrally occurs when tha cell tomper-
ziwre is In the reglon of 100 to 160 C, de-
peading on manufacturing techniqusa. Rupture
«f the barrior layer may be caused by hot
opRo, which ia themselves may or v - ot
cuws melting of the countsr slectroda.

Tho retual temperaturs rise above amblent
in coussd by the IR losses wilin the recti-
Dor plus heat abgorded, gonerally by radiation
from surrounding components wim higher
temperature. Characteristically thel*Ricsses
fncreasz with {ima. Becaurs the raverss
cuyrent occamdomally decreases with Hms for
gevoral hundred bours befove it startg to
increaes, thera may bos ap inlerval in which
tho total I°R losses decresss.

Au important fac not o bs overlocked
ig that the effectvenosy of forced alr cooling
is Umited by the temperature of the aiv vesd
for cooling. As the temparatura of the coollnye
alr rises, it can accept less and loss heat
from the rectifier. What Is Important is tha
tha lemperature of the barrier layer lacide
the cell be kept within safe Umits, The
teiuperature ca the surface of the cell will

1%

W mm e e —— = ~— (LR

. I YN —— et T, AP s Gyt v 3

e Iess than the temperature at the Danrfay

layer dus to tho ihermal lmpedanca ¢f the
materinlg of the coll.

High-temporsture oparstion 1 a prime
cause of fallure bocauss of damsge to tha
barrier layssx.

As ghown in Fig. 1-16(C), (D), scd {K),
the operating characterigtics of aclendum .

0350 e —
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8 20 50

NUMBER OF CELLS IN STACK

Fig. 1-1% Forward current densilieg of half-
wave aclenium rectiflers, resistive losd, 25
a functlon of stack mize and reverse voltaga.
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30 ¢~ Bndge j
2.7 =i~ Holf -wove

3 & Cirpults

20 O Cengre:’d-»gzﬁ

\

FELATIVE OUTRPUT, AMP BC

Single -~ phose
cirguity

10 ~— Holi-wayo

Fig 1-14. Roletlve ouiped of vavious sectifier
circuits, ali walng thy gams slge coll. The
figures are harad en 8 alaglo-phaze, hall-wawg
¢ircult having & reimtive output of 1.6

rectiflers will varv over lomz periods sven
wdsr relatively good operating conditionz.
Thage cvrvsa ghow progerossively greater
doviation from the tadtial ehura t.::m,iics ag
tha loed iz increassd beyond rated load dus
o {smporature rise. Hoi~ that, at twice
rated logd, the parformensce 8 marginal, while
a? thres tmen rxied bead, vectifior periorme~
ance i3 poor and shoriived. Therefors, not
oaly are ihs opersiing chavocisrigiics do-
groded by esvezslve losds, bat ths efective
oparating life i3 also sffscied. Note, howaver,

4
o PRI
L] W&
O il ooty |
E&IFOO \l-i lf%’b ST
B2 80T b, NIeensh A
};: VLELP "Qrg -0 \ ‘\J [-Lm-;
gj &0 o‘(’g ,O /3 < il tomg
& 1o N RNt
s 40 [?O ~ Y m
w { -
el L

i 2 345710 20 40 7000
30 50 80
APPROXIMATE LIFE,
THOUSANDS OF HOURS
Fig. 1-18 {A). Lifc expectancy of a typleal

selenfn rectifier s2 & feoctioa of woerking load

— D e et U U O

Fig. 315 {B). Tomperature riog of & thred- ’
phase cosvection-cooled rectifies.

that these curves are typical cuwiy, Wide vart-
atons exist in the magnitudes and trords of
these characteristice jor dUfsrent rectifier

GRmNoE.
Overicad Caprelly

Ose ol the cdommtaged of tbo golenium
roctifiay s Ke =bility to withstand momen
tary overisads without harm. Withis Umie,
of courss, i1 18 gl the cursemt ovariced
that eousee uitizoste failure bul rathsr the
high temperz’aros rosulting from high cure
senig. Thorelore, i the c!uiy cyeie is sud-
ficiently low, tht iz, if thore f& snongh off
fime hetween crerionds co that the tempor-
ature of tho uwit does nol rise too highk,
very gxest intermibient currenis can be mksg
from the rectifor. -

Figmre 3-18 shows the overload abilities
of & typseal rectifier ns o function of the o3 -
off cyslo. A fivedold overlozd is permissaible
if the pectifier 16 off for 3 minutes aftersa
£- gecasd oa poriod,

=
w40
% 3aReoied lood
VIO £
1 R
%?ﬂ 2x Roted lood
20 Roted load -
P RS
[j |.O¥— =T 1/2 Roted tood ——]
{-}j‘ Rt S
& 0 R T
> o 3000 10,000 15,000
& Ti8E, HCURS

Fig. 3-1% O Revorsa leskags current va. op-
erztiag fime. The lupwd soltage and amblesd
coadilicas remmsla constant throughout the test.
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fig. 1-15 (DR Porward voltage drop va. op-
erating tlez. The irpst voltage and ambient
conditions remsia constart throughout the tsot

Continucus oporaticn st Mghsr than rated
current i poosible If forced-alr cooling s
smployed. 1. get glili more curreat, stacks
ey bs operated in parallel, As with any
alectrical deo~iee, sultabls .means should be
provided to cziai;da tho load equally szmong
the pacalicled Rocks.

Darating ot Hgh Tempersiurop

The combimaticn of amblent temperaturs
and & vollpge and currcel rating at which
g3lenjium rectifiers give sormal We varies
with ths manuiacturer. ¥hailever iz considared
as normal, less ile cau be expacted ot
highes temperatures wnless the curren! and
voliagy oxe reduced, Typical derating curves
are given i Fig. 1-17, the solid curves
reprossn’ ymal Ufe mod the dotted cuives
represen. minimum  lfe of 2000 houra.
Another manufacturer gives the following Weo-
axpectancy figeres.

Achual eeli Mintmum axpecied
Lmperatzmre 1fe
idey C) {nr}
83 Inde{inite
85 40,000
TS 30,000
50 18,000
%0 8,000
100 3,000

Development und use of newer alloys for
the cousterelcctrode has produced rectiflers
with conaiderably longer lifo at temperaturee
of 100 to0 130 C.
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5000 no,oco
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Fig. 1.13 (E). Output s vs. oporating time.

The input volizge and ziobient conditionn re-
maln corstant thioughout ths teed.

VOLTAGE
N
oﬁ

[
W

Voltage Overload

i the rectifior had infinite reverse rosist-
anco, voltages highexr than normal coudd be
toleratod. Howevar, bacavse of tha roverm
cutrant which {flows through the high reverze
resistance, heat is rapidly produced i thg
veltage {g .0 high. Short-Hims overioads
may be tolsratad, bud ars not recommansia.
Dielactric panctures may rasull from gavore
volirge gverloads.

Noto from Fig. 1-11 ihat rovsres PR
lozges incresze o3 8 rals fastor than i
voltago lacresses. Theyefors, an incresse
in voltrge shove tha manufacturor’s sulsd
valus may rvegult in greatly incroased beatleg.
Consorvative dsalgn dicintes tint tha recil~
fior heve sulflclent reserve raiing capacily
to hanls anticipsted voltags overlonds. Yoo
slnusocidsl applied vellanges and lozd curromls,
the rms value o the avplled voltage oy
be applied a5 2 guide. For nonsinuseddsi
applied volta,:s and lead currents (Incleding
hali-wave reciifiers with capacitive loadg,
28 are commonly found in voltage multipites
circulte), the peak valuss of voltage, which
the rectifior must bandls, must bo detormized
and compared wita ths peak voliage allowed

2 Time off minuies H i
«© } -
. N\ 130
o 3 AN NI Nieté0
Q 7 N N AN
g . 6 g \\ .\\
& 59O RIS
- 2 i S
| Ul
2 461020 100 200 800
i 58 50 <400 300D
, TIME ON, SECONDS

Pig. 1-16. 8afe currend overloads ‘or imtes
saittent duty.
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Fig. 1-17. Dorating curvos for a typ.cal cols-
nbun recilfior,

{for tha rectifier under considevaticn. Ths
paak allowabie valuea may bs coneldsroed
to ba 1.41 times the rmg rating of the rect-
{ier valesg otherwigs stated,

For 8 registive or inductive lozd, tha
peat of tho inpul ac {8 readily calewlated
{for a sine wave of 120 volts, the posk is
189 volts), but If thy load includes omo es-
paciior ot ths roctiiser output tsrminals, the
possaible peak s double that of ths slno
wave inp:? (foy ¢ aine wave of 120 volits,
double peak is 338 volts). For a muliipier
circudt which Includes capacitors, tho paaks
must be known and sultsbls recilfiors em-
ployed,

Cooling Methods

The lozd factor for zelenium raciifiors
may o oafoly increased if some method for
moving the fluid {air or Uquid) between the
colis of the stack ls omployed. Figure 1-18
shows how, uslng tho indlcated spaclag be-
tween the colls, tho norimal current ralieg
ol one manuiacturor’s selentum steck can
be mairtalned by convection cooling, The
spacing shown {s suitabls for convecton conl-
fng of any glee coll; cells larger than 4 by
4 inches may uwse half the indlcated spacirg
when foreed-adr cooling is used. Forced-air
coallng of cells ammler than 4 by 4 loches
is nut usually done. Forced-air cooling is
mast oftectivo when the coll spaeing la cuch
that the alr flow i3 turbuient rawner thas
laminag; {f the colls are too cluse toguther,
only laminar flow 15 possible, becauss the
clogely spaced f{ing act 2y duct bafiles to
smooth the flow.

Figure 1-19 shows that for g foreed -air

12216 I S )
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CELL SPACING, IR

Fig. 1-18 Recommended minimum as!
{or convection coollng of rectifiss =

load factor may be Incroascd fo 85 1 2
towparature riss of approdmsisly 35 C s
zatislactory. Therciore, = sizch of edght 13-
by 16-inch, 36-volt cells withanermsaleurran?
vating of 88 amp {n 2 throo -phese beidsge can
gafaly bondlo 88 Hmes 2.5 or 215 asp with
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Fig. 1-1% Bifect of furced-alr cooling oo toam-
perature riee of a rectifier slack R carious

veloclty of 400 et por mlvwle (fpm), the load factore.
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490 forn, sluce the temperaturd e i held
to 235 C abuove 3 35 C amblent. The normal
current curve 1 mot continusd to zere aig
veloeity because stacks designed for forced-
2iy coollng uwse Affersmt spacing than thet
wed for ceouvertom ceollng. Vo dslermbme
. the theoretical volwme of coollng air rogwirsd
- for p rectifier stack, the Unead foet par socond
rojquired 10 pass ever the colls ghovld bs
. multiplied by the owtline arvea of the elde
' of the oisck thet will be perpsedicular
the dircction of aly flow. The plans of the
rectifier colin ghoudd mever bo perpondicwlar

o the drestion ¢f Yow.

B 12 alve posatblc io immerss the complete
eciifler in @ fank of oll, In which cooling
collg may be provided. In gonseal, oll tanke
are used for M bh-vollage siacks, oay 58,000
volis or Mghvr, where insulation as well asg
enoling iz of major imporinned.

Hogulstion

The drop in cuipwt vollage wnder lead
varies with &he {yro of circult omploged.
Ths actaal Jorward volinge deop reross 2
plngle selentur eell i3 2 volts or loss. In
3 typlcal veetlfic ) the forwand voltags drop
vavies from obow 0.6 voll of half raled
current o about 1.8 voltm at 4 fimas raied
current. In single-phege full-wave byridgs rsc-
tiflers, the outpw volinge at 4 iimes raited

. ompst curreat may drop abewl 1D poxcomt
compared o the voltags af raled cutpul.

. The regulailon characioriotle of a typlcsl
convecti¢a-cooled  thres-pimgs  aslendum
bridge rectifier i yopresented by the solid
ling in Fig. 1-20. The dotiod line roprosonts
the overall rogulation of rectifior plus trang.
former fto be 7 parcent from ous-tonmth to
full-load direct curreni. Theso cusves arg
based oa ibs sopumption that the primary
voitage siaya constant undor load, and thia
the primary voltage is adjusted to supply
240-valt dirsct curremt at full rated load.
The cwrve o Fig. 1-20 is from actual test
data; 10 percent regulation o usually gusran-
toed.

Etteteucy

Semiconductor roctifiors areinhevantly low-
registance devices, and their efficlency im
{airly high. Compared to high-vacuum
slectron tube rectificra, thoir eiflclency io
high because the latior have high intornsl
repistance and, in addition, require power
for heating the cathods, and thir powor must
be figured into the overall efficiency. Filyure
1-21 phows ths efficioncy for a »orii daw

3]

233 - o
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% . oh 5 o
D weat  NRegtitiae sad trenglemiey e
% Recsifier sl B
' . )

240 l e lp &

02 Q8 05 Q8 ¢
L0AD FACTOR

Fig. 1-20, Veltego regulsiion ¢f o thrca-ghaco
convection-conled racdidiaz,

mannlactuver’s protucl, The overalk eirewit
effickency 12 o function of ths typas of elvenid
wgad. Flgure 1-31 smhows the relolive advas~
g of thres~phnss fll-wnve rectifiors come
paved to a thess-phage molov-guessater 2ot,

weacloney is comstimen eaxlind comverdion
sificiency or convermion satle, and ip the
rslation hatwaer the f-¢ powor agplicd and
thy d-¢ power {mengarsd with d-¢ ovornging
mastars} zocered a7 o resell of o rectle
fieation vrocess. Towversien eficlency, as
shown In Fig. 1-23, dvops ss o roctiler
Yead i reduced bolow il Joad. Ehis ip txus
Pocanse the forward valtngs drep e ~olativaly
congtand up 1o full lood asd, 8 leas they
rated woltsge thig drop beromes 8 lawgor
paveentage of tho load veltans, beauco the afil-
cigncy dacrenssa,

Call Capacitanes

The averngs eslonium cell will bave aw
alectromtatic  capacitarcs of ppproximataly

3
i’

o T T
Z el R T
¥ gob—” T :
& APl e P\ \\\
e 8Ot~ — —=
o~ /, 3- ohgse 3-;_’?1038 sglenium rectifrer
% aols m-q scf resisionca load
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o 20
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Fig. 1-21. Rificlency carve of o typical tarce-
phase reciiflor, working Into a reeisirece load,
compared o 2 motor-generator sad
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GCONVERSION EFFICIENCY, PERCENT

Fuld pag Fuil
oV ¥avo wWava
o7 o

pridgs bridga

A A
N N

SINGLE-PHASE THREE-PHASE

#ig. 1-&. Coavoreion aliiclosey of varises cipe
culls Turmizalasg diveed cuvresl (s vesisteos
lozds

0.03 o par ng v, of esll avua. This Hmits
tho Yrequency at which such a col! will opor-
ate cofficisatly. Conaider o 83-¢olt coll ban-
durg power =zt @ cuvrent donalty of (.08
amp par 2 ia. Ty roverss resisiancy of o
wdt of 1 ey i is, thevefvre, 3800 chmw.
Tho c¢apecitive seactume. of thlg wnit will
be squal to s valus, 3560 ohtus, st sbow
2400 cpa. Ac & practice] mattay such 5 uni
wili reach its uvasinl opsraling rengs &t o
maxdmum fregeency of abomd 400 ens, whore
the reactanca is sboe? sas-glxth the soveves
remstance. This effect is an advastage with
capacitance loads,

Naturally ths capscitance of any cell ig
& functicn «f its dimensiong, ADN-11060 of
10 Jwis 1638 etatos: ‘Tslemium rectiflors
will deliver power officiently up to 1003
cpa. Abovg that froquency, thoy will perform
sattadaciorily at at roduced efiiclency.”

Toeiin,

Because a melallic rectifier {5 nol poriect,
that is, becawse it does nol have infinito
vesistance in ong diroclion and zoro ressi-
ance in the ciher direction and ity realrtancs
in both directions varizs with Hlino, tesiing
rectifiers of s typo 18 not gimple. In

Yy e} plees, o valoy & somegiance moras

e ooy (B0 condifilans o toad osw
tedicated, Thea, 3 et veltage, ewsre,
g tempornture RS 3 moRLosomest el
and how wos iR wmeds? B tho sosond plese
the ckapo of the reclifieniion exyvo ap wal
a5 the checlute voless -of veltegy, cerpesl,
ard pesiclanse detorndng ogpsratingehares-

f d-g vollnge-custial messurormcyd glves
only | mingle valuo of roslstnacs. Twe sed-
enliy @ifforcnt wuibs mighl casily bova om
coromcn poiwl oz thaly vollegs-Lesrori eurvin.

Fiaally, iniidel tocling «f & meilfiosr em
give no ioformalics en ¥ Mfe ¢xpsctousy,
gines 2o mueh depends woon $hy wathod of
maenfacione, the eporaling envircmment 2%
tomporainge, Sty cyels, a=d oy facksa.

Culpzd Toxd, Thy Ampla tacl 588 eon -
ko mnds Iz o dolormirs & fho woefiflor
golivers 29 roted d-¢ volinag to n load wha
it in coppled with polod o-¢ dupul, Tids
typs of eizedt im 1 Fig, 1-88. Tha
inget voilage v edjuzisd to tho rolsd valeo
ged R is sdjusted el raled covrest fowsg,
whopoupon tho orduel vollags is mogcured,

A-C Tests, So-eallod dynumic oy a-¢ lekta
ave eoveral adveniopss ovor d-c RoRla: eyesy
sfiects (change of roslclaneo duniny fosh)
ave less prosounesd o pecliflors with a-¢
applied voltagus, tho roguived poway ceppios
are mare - cadly nvaitedle or caslor to cos-
eteued, and s-¢ tosls give s botler pleture
o the actual periormance of the saciifles
tndsr extual oparatlog condifions,

Fosward Vollegs Drop. & slmple msihod
sewsuring the forward volisge drop is

a

ol

OO\ (
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Fig 1-33. Smpds ciremd foy toating d-¢ powmes
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ahowa in Hg 1-24. The traasformess shewld
dove low imfermal lmgpedancs compared
the mindwum rectifior recislance to maie-
todn - waveforms @gortion ao low ao possible,
Either 8 hall-yavg roctifying type of instroe
maar enbested for pulcaling dircet eurrem:
or a veecesm ftubg veltneter, ag chown o
Fig, 1-24(C}, 19 vecomuwmnded.

foverce Crevemt, A Grplo peverEI-curront
tort clrem® i0 ghouwn n Mg 1-38 whore
two rectifiers ars. cosuccted back fo back.
In 3 case, the rdveres (loakags) currerd
in the rmse carren! eontribwicd by both roe-
tifars, ard s indicatsd curremt will bo
a compocits of ths two. Thorsfore, the rec-
tiflor balny tocled mudgi? toct good or bad
depanding veoa Y ‘backiag® r@cuﬁ%

O-C Malze Tesl, A zotng ﬂﬂch unes d-e
melers ex emﬁﬁv 17 to showd In Fg, 1-28
Ths test volteza wrovided 16 ossentinlly am
wave io forss. Reslstor R improves M wave-
form. Ths Mesdar curremd through R showld
bo at leact twico the expested revores curront,
Tha vollmelor ivdicates tho averuge o the
hali gins wava «f voliags applied to tho rectl-
fier undar fesi. Tho porak voltaro, thorefora,
ir the t:o!&m:’“ r poading divided by 0.318,

Combinatien Tost Clremit. Tha circult shown
in Tlg. i-37 pormils readnge of {ovward ml@-
8go drop, zoversa cwrresd, foed voltsge, and
load curvent sadar achual s&mmt.&ng conditions,
The prucedusn 15 ap follows: With BWI opzs
end SW3 cliwed, determine i corrsct icad
voltugs and cmrrent exiel ¥ so, closo SWL
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Pig. 1-31 Forward vollage drop dynamaie

tost. {A) Basic circuit. (B) Using a half-
wave roctifier. (C) Using a vacuum-tuda
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A€ wittiommaisr

K V3 recds =ave, the wvechifier snder o
is shorted. ¥ ALl reads mero, ths rowifier
is opea. M fvevard woltage drop oxials, open
5W3 znd reed roverse current.* Abigh-cengi-
tivity jusivvmsen? ravad be ucsd,

SELENIUTNT RBCTIFIRR SPRCIFICAYIONG
A-R-14 ﬂ@“*ir

Tho solondwn yooiiflors covasad ?3{;7 i8]
auly coordinstsd milliayy sppcificatien (AL~
R-311080A)) ave iclemdad primsvily fov 3o
in a-¢ povaor reclification. They %9 esd
dedensd {0 boos intrinsie cizewit com-
posents for iselurien in megnelic ampifiers
oz Mockdng cireuiie wnisss afditional roqure-
als ave ¢pdcined.

Yoltage, Cuvrent cad Powsr Rallngs, %

spacification covers wills having conlinucsza
&-¢ currend subnle of from 9,100 (el-sovs)
to 9.830 amp (bridge) at an amblent tompan-
sterv o BRE O with s reslalive load, Tiw
maaimum pember of oells pormitisd to headls
ik, 8.0 rrap load im 12 Voliage rolings fros

- milliommatey

Fig- 1-38 -0 ancfor tost ciresl.

@The sevarnl woodie for ismitag recliflors do-
seaided sbove are takes from the Motellic Rectiftey
Hanual, Bradley Laberalosies, fou.

Publication dated 23 Jese 1954 Thetv sro nine
Eyeciflcaticn Bhesinm Theoe shvets give dmsosions,
preferred volirgs and current ratings. Freforred
Pavts L), dated 30 Aprl) 1856, lochules sied

voltmestas. psooaing By oo andy.
pied
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: i - {lecsvie Tho lsiter “B™ identifies the —~ouoniing
: Meosries revesso forword woathod 2 & bolt tnd ‘B ao & sud, !
: techage currend . TEBGY 6700 _ 4 |
k| ; P ¢ Teo sumiber °100” identifies the nominsl N
o H CE) eatierms d-¢ ouipwl voltage rating undew -
& ; =7 8 wocdstive or indnctive lead (battery of

eracltive loads sre 5B percont loss) at .

N 7 &
T Y
B . .
TR TR FREN r/-;\mqv.ﬁnevw,frﬂ.,mdﬁmw i

3
§5 C amblent, The firct two digits sepre-
{? o-C { A : gomt Agnificaiw figures, dnd the third dight
A laod cwreal LA doaoios the number of 2eros to foflow. .
3, f milliemmeter 1§
p o Isiters 5’ identily the ~iocult com-
Smraiton. The tabls below Mats the various
§ eimeuito,
‘;1‘ ~
; § #rabol Clreult
; Fig. 1-87. Combinaticn tost circul for wms
{7 ; : 7 eom 2 . i Single.phnca, hall-wave
; } under acteal operating conditiona e Bings 9@%9«?: comiar-thp , {
X 953 Bingle-phnag, bridle N
‘ . 10 to 400 volts are covered by (o mpscie 3 Single-phnss, ;giiblﬁg doobler
14° fleatl~ Power yatings range from 1.4 weita ; f::i’, g};}“”&j oy mm,;‘;’“ﬂf;;
il to ove. 100 wits, with the pumbor of colis - ﬂ;x.;;:@hﬁ;,ﬂiﬂg brldse
A1 ronning as Mgh as 40, depending ea tho E_ ) ' o ]
t continnons wower owipwd rating. The geck
: longthe of these units rpangs frem 11/10 — vesaaro .
it to 7-4/18 inches: piste avens fram L1 io Teo nnmerals 141 fdoniifly the aoseinsi
i 0.0 #q i Proforred cingle-phoso ciylas ovsihroug dec owipst eorrest oling ucler
i ara half-vise, bridgs and cenlar-tagped with roviplive joad at B3 C ambient Iamipovatuse,
i i avd moating, Al roctiflsrs peocurcd to Tay frst two digits wapresanl egnificant
4 BATL~B-11058A requirements ars veltago and fgeres la milllnwperes, aad U last Gigid
‘{ curvent dersied above 6% (O s an amblond demndeo the nunbar of sexws t fellow.
A of 895 C thesn waity srs veltage deraled &0 ) -
i 80 percert 2 mero current. Clreils ave Blaetrieal and Bovirsamentsd Heyuiromenia.
3 given In s snocdication for tectizy rocti- Tis detnlled oporoling roqulromenis of Mif-
, flers for fosward voltage drop =4 wovorse RB-116508 are givea bolow. Thess regelxe-
j curraut, * wesly, wiless othorwise spacified, ave baged
o3 33 ambien! temporature of 23 C {10, -8},
1 Iypo Dexignaiioa Systow. RS 10 B 108 63 percent smaxboum humidity, ssa level
i 1 B§ 130 15 a*@gﬂ.:y;gmw;“@g@jﬁ@f sir presture {20 io 32 luches of mercury),
Posiidve tereminals ave color-codad sod; noga- a2 thy use of I0-cycie alternating curreed
b tive tormicalg are codsd black, snd moutral wih by iolal barmosje distorficn mek .
2 i {comon) tenmingly are codsd yollow. axosd T pareent.
|
i 1R gectifies B0 item 285 n Hocilles, Pogward Yoltago Doy, The forward vollege
i [IRp— drop girmll not be grester thas thal specified
L for tha naividual rectifier (260 MIL-R-31056/
; | The numbar 107 identifies the ol M=o, 1-5) after B+ 1/2 minstss of operatlus =2
‘ % The varioes @zes are Ustod bale. s2tod current in o pultable circudl as showa
i o3 pagoe 13 and 13 of ths speciiication R
io sppromimataly 3 volls maximum psi cell
Mo Cell adse (83
o e T Hevorss Current. Ths test requirornesrds
) 10 132{’ By 2D arg tha same ag for forward vollags drog.
g:; ; g g ;2(“ Meomiminn  reverse vwrest allowed in mp-
R 0 22 by 2% pevelzastely 1/20 of the rated forward cus- .
59 3%y3 rezd,
° ] dbyd
g T A58 Dlelsctrie Brength. Tho rovtifisr shall wilk.
] 5 by 5 sz, without arcing, damage, or breskdown, )
a four polential {showan beiow) for 1 incts
B
; “g
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applicd botwesn old curront cawsying pasto
etansetsd togethsr aad o mowaling mese
bord, The voliage ghall b agplied at a zale
w 2ot ever 800 volts rms por goeond,

% 28 rea0 velings Tocd volts

{eated) {rms)

¥ ex doun &30

| ovor €0to €8 £os
gvar €8 2600 plus 2 U

tha g rallnz
(bt no? mopy
tnm S20D velts)

mguiolion T ooistarec. Ingulaion rocistanes
ohail ot be leas then 100 mogehuns botwesn
all curvent carrying parts and the mouniing
mombers when moagured with o B00-voR
inzulaticn tastar,

Low-Temperature Sxposure. The fovwasd
voltage drop ghall nol chango moro than 8
porcont from the indtial moasursd vales (lwv),
and {ave ghall e no pooling of the pradective
Anigh whon the recifier ig expoosdic -88 C
{8, -8} for 2 hourp, ned thom at soem
tompazrature fov 4 hours,

Low-Temperaturs Opavallon, Ths Jorvand
voltage drop o) =88 © {0, -3) chnlinstehange
@more thas 100 percomt from By lsay, rud
the yovarse currant shall mol estcocd 3 tiwmen
the spscified valyo after he roclificr fe
guntpe to =05 € {0, -3) fov 8§ Bours {1
hoow wonopsreion followed by 3 howes of
cparadion ot rated currant aud volsgol

High-Tempsrnbuo Oporotion. The zeverse
surront a8 I € (+0, ~-3) ohall nol coresd
2 Himos ihe specifisd value afor (o res
tifter 12 operated ot 80 poressd of rated
snput voltage and §0 percent ¢of matod g
st curzent into & rosistive load dos 4 hours
at sn omblent temporsturs ef 70 € {+0, -8).

140 Tegt. The lovwoxd voltngs drey chalt
rol excesd the gpecified valus pfior fho Hent
hour of oporation undor ralsd cusront snd
voliags into s resiative lead at an ambles
of 85 € (0, ~3). 'The forward voltzge drop
afigr 3000 hours cf opsration ghall nod change
mox. than 100 percont from ths imy., Rfoss-
urements takon at the end of oach succosalve
360 hours during the test shall show the aver-
age rate of change of the forward vollage
drop during ths lagt 500 hovrs io have beem
equal to or less than the averags rale of
change during the flsad 2500 howra,

RMotsturs Registance. When tosicd por AL~
51D 202, Mothod 108, the forward veltage dvop

&

o A AT AT o e eeme s A =

B S

gl mot clinnge moro than 20 poscost frem
the imw., The roverss currémt shall gt o%e
ceed two dmes the specifisd valze, Tho
inclalion remistance shall xot bo isos tham
D mogohms, aad thoro £hall 5o 29 deloctsie

- Corvosion. Whsa focict por MUL-BED 708,
Pcined 101, Tect B, thoe ferward voltezo droep
and the rovercs curvent oShall uod chauge
more thon § percomt freom e Imv. Thars
ghll be mo diclectrie breskdown and mo
pealing of the pratesiive Ssich,

Mochonteal Suock, Whea tosted por Mill-
3-881, Piguro 6B, Teat €, the fosward voliage
drop god vovergs current ohall nod changs
more than § percent {rom the imv, and thers
ghall bs no dieleciric bioakdowa,

Vibrniion. When fesled per MIL-SED 208,
Method 201, jor 1 hovr in esch of threw
muvally porpendiculor directions, the for-
ward volirgs drop and roverss cwrrant ghall

oot ehengy more than § poresst from the {mv,

Therg shall bo no dlolectrie bronkdown and
£0 eznoss of pasts or olhor mechoniend

DATL- - 143 24(MeC)

Mg s & Signal “ovps cpecificatisn, datod
8 Jampesy 1938, vieu cwors Blgh-tompare
stuvs polsmivm rocdfiers, with oscortinlly the
enue Informatior and regquiremonts 2g Rl
R-11080A. Call slvs doplgnations §iffer from
ths coorainnted spocilcation 48 shown in
Table 1-8 and mastmvm pormsignible ruveras
cursenio are sinted,

BITL-K-~18281 (Navy)

This spocificniton, dnted 15 Decondior 1584,
covers esloniue, coppor oxids, and magros
hm-coppey sulfids rectifiors for moval shio-

Takds 1.3—Dats Prom MMIL-5. 14234203,
Dated 6 January 1638

Martmum revoree csrrest
Sige {zma)
Byl {ia) .
Hall-wravo nad Bridge
confar tory
181y 131 3 i0
RE2S 11,25 » 227 18 20
R85 | 1.8 x1.8 29 40
R85 | 2.8 %23 32 &8
RB38 3x3 &8 160
REJ3 4 w4 139 260
RS78 408 189 358
RBYS Sxy | 238 288
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boasd use. The rectifiers musl be dsrlmsd &
gporaie gatigiectortly in an ambiest b wpoee
atare of §0 €, withstend 8 cicleciyie civenyld
test of 200 volds v, and mest hove &8 o-
sulation seelistance 503 loso {haw 10 mugoelrag
betwoen osch civesdt, and rem ocelh eirewdl
-t gromRd & normal ogersiing MRaporniing,

- Eroctrical and Forviroammeatsl Rogadraneerin.
Undor UEH Spscileaicn, the Foiriisltoma sor
fozwerd volizge dvop, revesns cespast, mud
sgain mder load ars ag Jollowes

Fosward Voltage Dronr and Revorse Carrest,
Ths initlal average forward voltage drop
and sversge roverss currest in g 80 € smids
et ehall be squad o »y less thrm 53 fekiiel
wglue indicatod in Fig, 3-38, with roled lod
and volinge for convection cooling. (For o
aople, o eselenmfumy vectifier minck iR an
average forward voltnge drop of 2 percemt
of ths rmse veiinge yaling cowid st have
an average rowvse cusrond of move (han
4 peresnt of the svaroe) curpand weisg.)

Lo Pertormasres. Aoy apors’ics for 5950
howre ot rated kad aed vellagn b e 82 €
ambicat, tho awrage forward volings drop
amd overng? rovorss euzresd sinil B egral
i or logs than he aged value fosBicsdcd
in Fig. 1-23, with rated lozd sod weltegs
for convociion cooling. (Fos axpmnis, 31 ths
eelemurn roctiflor oiack ender tosd lncroassd
in svarage forwurd vollnge drop o 3 percent
of the rms vollege voting, thas thy svorage
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RAGE FORWARD VOLTAGE DROR

PERCENT OF RMS VOLTAGE RATING

AVERAGE REVERSE CURRENT,
PERCINT OF SVERAGE
FORWARD CURREMT RATING
P, 1-38 Forwawd volinge drop ve roverme
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rovesse curvest coxuld heve iscroused fo 8.0

porcent of fhe sverage emrront rotieg.) g
The incroanse of tha fosward voltage dvop
Suring 2 lagk 509 hours o ogoration wialh }

wl escocd 3 povcont of the indtial valug
24 the lncvemmmtal vate of changs of boll
ik forward woitags drop and rovorse cup-
rout ghall be eech ag to indicate the fho
roctifier ainck is apprvaching a stable opere
silng charactevictic. The operating charactes-
istics of copper oxida and mognooium-cogeor
wilfigs reciifiezs are shown ip Figs. 130 &l
1-30 for comperisons pRITISRD
HAS 738

Mbep— LY

HAS 743, deted 10 Harch 1088, lo & sooel-
fiestion of the Waliensl Alversl Resdanly
Commitics for erlenium secliflors foy wse
in magnetie smplitiors, {00 cpe. Rectifiaro
gre grosped feio foux clngsss esesxding @0 1
the nmident sex lovel lemporcluwe xango
sad ¢wo grades according to thelr ohddity
to withsord sovepe environsnental coaditiciy
82 shown in Teble 1-4 Crads 1 reclifievp
wasd opavate smitwlnctorily of 80,000 R alid-
tods, -8B €, ae well 28 withsined bamidity °
aed i omwy issts. Grads B zociitiern
will oporate sxiigiectorlly wher gevlesisd
fxp thogs couerZibons,

s e
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ity specificeion ooatsing vesivl cireeis
oed voctings fon waeasuring reclifior charse~
Soriglics,

CERMANITN AND SLICON RECTIFIERS

Although murh of what has agpenred esrilow
8 this chapew apples o the nowsy gomi-
conductoy reciffizcra ag weli, tiwg laftor are
cuasidered s9 enitiroly distinet devicos .

GINRRAL CHARACTRRISTICS

_Eﬁpcn’ica&

The noniinesr conduction characterictice -
of & germanium rectifier can bo exprossed
mnthomatically by ths {ollowing equatioa;
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whope § = current demsity Qoongh G rec-
{ifying jusction, anp per og in,

V= appim voltage aciteg By junciion
" (positive for forward contdrstion,
nezative for xoverse).

B £33 B = demperatuse dependes? cootiipients,

A% socm temperatuse B bas 3 valed botween
20 (o 40 volts™ and A has a value betwsen
5.001 %0 0.01 amp per co e The coeff-
feied varies arponentially wilh demporatuca,
thers buing approximately tex-fold increnss
in o for every 3¢ € tncrease i9 (orpssaiune,
B variles iavercely as sbsclede ction tem-
BIrciwse.
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AVERAGE REVERSE CURRENT,
PERCENT OF AVERAGEL
FORWARD CURRENT RATING

iz 1-80. Forward voltsge drep va. povorsy
cursest roquirements for copper exids sectl-
fioss.

"N

AVERAGE FORWARD VOLTAGE DROR
PERCENT OF RMS VOLTAGE RATING

For example, the forward woilugoe drap of
8 typlcal germaniwn rectifier 82 -00C ig
abovi 20 parceni greater than & room toni-
porature, and 88 76 C io abow 10 porcamt
lowor thon st yoom lomperstixe. (Sse Fig.
£-31)

Raguation (1) holds sccurately at fow-levols
of forward voltage or revarse gurioni. With
waitahle resirictions, discussed below, it can
be wzed throughout the workdeg rango of ihe
rectifior’s charactoristica

fince the ceafficlent B is relatively larps,
for negative appled volinges goeslor than »
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AVERAGE REVERSE CURRENT, PER-
CENT OF AVERAGE CURRENT RATING

By

AVERAGE FORWARD VOLTAGE
DROP, PERCENT OF RMS
VOILTAGE RATING

Pig. 1~-30. Forwerd voltige drop vi. roverss

current reguiromonis for megnosteia copper
sulfide rectifier.

fow tonihs o & wolt, the expomenltial terrs
bocomss small compared to vnity asd the
reverss curyent density becumes indopendant
of voltage erd equel to the canctani A, This
volkrgo-independant reveree currort s keoun
a5 the severnd saturation cusront,

The roverse currcat, therefore, vasics oz
ponantislly and rapldiy with junclicn fem-
porature, The rapid iperesss ik curpest with
tewpoeratura reswlts in a rigd temnsrature
Hmitatien dox the zpplicatica of o gormeniva
voctifier. Bouatioem (1), whlch pmadicts ths
revorss paturation charactoristic, €pos et
includs leakage curreaty which chont the
jusctica or breakdown curseats which oy
flow 2t high revorca ficlda, Thus, the cgeation
iz vesiricted to low iovel wloss theos lsak-
£ge sffects are considered ssparately.

With lorward voltage appliad ¢o tho fmelion,
ths exponential torm ia Bg. (1) bocowes largo
eomparsd to unily; hence, the forvard cusresn?
varios ¢xpansntially with applied voitage. This
characteristic has such & sigep slops that the
forward droy «f a gesmanium recitfisr cam
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JUNCTION TEMPERATURE, DEG C

Fig. 1-31. Yorward drop plotied s & fencilon
of junction bass temporeturs for a 10-amyp
permanium power reciifiar,
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be approximated as o constant 0.4 to 6.8
volt over its practical operating range o
curcents. RBguatien (1} does not correlats
@o with oxperimental data st high-curremt
dencities aed hence It must bs resiricted o
low cnrrent levels. An empiricsl modiffeation
of Bg, 1) in which ro appareat recistance i
- eongldere. ‘u sories with the junction will
give a mathen ~teal espression for the dicde
characteristic to-oughout its usefudl working
ranga.

In theory, =licomn rectifieras should also
follow Eg. (1). The principal difference isin
the value of the constant A, which 12 amsallsr
b a facor of 167, The constant B remalns
unchangd. In practice, tho low value of A
snesansg that reve.se leakoge effects almosd
always predominnte sver the saturation cur-
pent, and Eq. (1) 13 thus of lttle uvseim
predicting the revarse characisxistic al lowar
temperatures. In ths forward dirocticn, the
BI characiarigiie for siiicon {8 exyonenting,
ag it i3 for gormanium, The differances in A
for gorrasaium spd eilicon result in a highor

s forward drop for gilicen. For germanlum and
silicon rectifiers of compargble =aometry,
tha forward drop of ths gilicen rectifier aln
glven current will ba cbhout 0.5 voll highor than
tha germanivm rectifier drop

Typos of chtim Pubricetion

Blifcon powsr-supply rvectifiors ave avail-
obls stilizing any of thres diflerent procassca:
alloy functicns, diffused junclions, and growm
or segregated hmcticna. Gevmanium xechi-
fiern are mado oanly by the alloy process at
Bressi

Aligy Juncitgn, Alloy junctions 2xo mnd~ by
fuging 8 melal with appropriaste impurity
proporties onto one purines of 8§ sowmicon-
Gucior having 8 conductivity type (n ox p typa)
oppodite to that producad by the impurity
metal. The meial alioys with tha impaity

Metal, cceaptor impurity lyps

L N

AY
kugrown semlconducior, p-type

Original semiconducior, n-1ypsg

Fig. 1 $& Elemwenls of p-a junction
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DIMENSIONS 1N INCHES

Flg. 1-33. Small coaxial lead mounisd pack-

age. Tals packsge is soldercd directly into the
circuit. Heatl dissipation is by free coanvectios

and “adiation. It is usod for germantam rectle _
flers of curzont ratings of sbout .35 amp 8t -
55 C or for silicon rectifiers of carrent ratinga

t0 0.25 smp at 130 C, {Gesoral Slectrie Cou}

and, upon cooling, the semiconductor xegrows
at the undisturbed interface. This regrown
semiconductor conteins impurity stoms of the
motal whick convert 18 fo the oppoaite typs
from the original esmiconductor. Thus a p-n -
juction g formed a2 s intsrface betwwen
the regrown and the undisturdbed semicondue-
tor. This structurs is chown in Fig. 1-33.

Germrnium alley rectiflors are conventicn-
ally mado by alloving indium into c-type gor-
manium; silicon rectifiors sre usually made
by ailoving sluminum or aluminum alloys
into n-typs silicon. Ths use of inclum for
germantum  juections impogoes & relatively
low storage-temperaturs limitatios slnce the
melting point of tho juncticn aiructery is
+155 C.

Alloy junction structures have the sdvauetogs
ol belng easily febricated. Thalr chief dic-
advantage la that the junction may be undsy
maochanical stress bocauss of difforortin
thormal oxpznsion of the msisl and ssmi-
conductor. This problom 13 not severe in
germanjum because of the ductllity of the
indlum glloy, sut 1o most large-ares gilcos |
rectifisrs it 18 nocessury to back vp the
aluminusa alloy with some maleriad such as
molybdenum, which matchos ths expangion
cosfficiont of sllicon. This doaign reswiis in
2 sandwich struchus for the junciien.
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Diflnged JuncHon. In this process, impurity
womo axe diflused st tsmperatures near €0
melting point of ClMcon inte 3 slicor wafor
wiose conduclivily typs 48 opposite to that
of o tmpurity uzsd in dffesion. THo colid-
siate dffusion resullc in the coaversicnola
sorface layer of the olMeon wafer to the
‘opposite conduclivity type, thus forming 8
jescticn withln the original sillcen walsr.

. Elgctzieal contacis can be made te the silicea
gurfeces by aay of a wide cholce of solders
gince teess soldsrs have no eifect on forming
the jnaction. The roglon of the jwaction ig 0wl
mechanieslly dlsturbed,

Grown Juncticn, In dds procoss; 2 pea
juncticn ia produced in 8 slegle crystal by
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Fiz. 1-54 Swall ool oa fin. This rectifier (s
14 {abricaled By mountisg e ooyl colle oa 3
dim. Ibe rafieg is incroneed bacouse of o
kmproved hast tvansley, The flag may bs shacked
for eorles or parsliellng a3 for & wacifie
muliirectif{ler conflgnratine such g 8 bhridge.
{Gomernl Rlociriz O}

varging the concemiztior of impurily atome
durlpg the growih provess. THic is comtly,
bz X hes an advantage iu that the transition
from p to n typs can Do moda gradually
rether than gbruptly, resulting in a8 dovice
with tnhorently higher roverss hreshdown
charactaristicn

Packmging

Tho busic problem in the dsuign of thess
eawer power rectiiiers is ona of head trepafer.,
Therefora, the ciied dlifersace o low- aod
hlgh-poeer  roctifless s one of package dg-
sigr. The process of jenctionormslicaditiery
Ittle for low- or Mgh-power roctifisrs; the
caly signdficant varistion is the jueclon area.
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DIMENSIONS 18 INCHES

#ig. 1-35% Largo coll en singlo fle. Tho vad
g voled of up to A0 amp (gesmenduws) The
fins eany bs sieched, Hool tranefer s by
rediziton and elthor ireo or forced esnvectioa,
{Gimpral Bleetrie Cov)

Bmmaples of mﬂm’l goshngoe doslgns wrd
ghowm I Tig, £-38 thronzh 1-38.

Fharmol Sakbliity

Tha volage dvop stresy 2 rectifior whils §2
is condectng causes juncticn hestng In pro-
portion ¢ the preduct o cwrrent sad veltegs
drop. oy » constant lond currant, s o
ward hoxilng decreases slightly setha jsnction
tompersture riges, A typical varintion of
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¥ig. 1-38. Plug-in typo rectifior, (Toxss
Ingtreaent Co.)
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{at anods potoniial}

v4" 1.D.pipe
Fig. 1-37. Slud-rocountad sl Thishigh-current
for cilicea rectifiera of ratings from 9.5 to

: Ssondma taporad
‘ threod o5 used o
@53?"% 3"
I6 thrgods per inch
plaied coppar
vilicea zeciifisr i 3 sizgie cell built on a
otud-type ©23! gink. B 3o weed iz many sigos
250 mwp. Beal tranofer is by conduction fe an
oxternal keat miak. (Cewersl Klectric Co.)

average forward hent (B vs, junction tem-
peraiuce i ehown in Fig. 1-40,

Hostlng of the jmeclies durlng ths nom-
conducting, blocking or reverse pant of the
cycle ir proporticnal 2o tha product of the
inversewoitage and the percyge® curvent leak-
age throrgh the junciies. Since the rover:o
currens vaxigs in an eppecadmately exponential
menner vith increasing frction temparature,
the averags hoaling due o a reverse corramd
regulticg frem a2 fized tevorss vollags wave-
ahape cea alsp be expecied to vary oxpo-
nentislly. Carve P, in Flgure 1-40 dapicis
guch a variation, Curze P, ropresonts toial
hosting, th3 wum of forsard and revorsa best-
ing.

%Gwl - e ) £ lo-
_F._w_«_p,u-.-m

Lo
La 5%% t2 60>

¥ig. 1-3% Cunrtvidge-type weadifier. This recti-
fler pociega conalsts of ® cerrmic cartridge
similar 0 o fuce carindge whlch coatgloe ons
oy more rectifier luancilome. The peckago lo
gepecially sulted for vesdos-coapscied cells
fo forma B bigh-volizge weetifler ageeinbly.
{Internattoan] Bectifler Conp)

¢ In gersussizn £od gillosn Ltarcturs, the torme
“reverss’’ ol invorse’’ sxwowed interchangeably.
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Under steady-claie coaditions, the geners- ;
tion of heat ot the jmction dup to forwand '
current and invezrse wiltage is balanced by the
flow of hoat through e conling oystem. This |
fiow causes 3 tomperatore rise of the jucton ;
above swmident cgual % the protuct of the !
pover and the thermal impedance of the cooling - i
system, Curve Py o Fig. 1-40 Ulustrates
thiz sssent.lly lrezr varistion of junctics i
temperature riss versms heaiing gower. The . !
junction of the rectifice cell will atabllize st |

i
1
I
!
!

the point at which the power gonération curve
P and power dissiplion curve By intersect,
that is, when heat disgipation exnctly balasces
heat generation.

Undor conditions seeh thot thece two e

acteristics do not inhersact, the jmctics tem- !
perature cannol siatilize, but increases to 8 |
point wheve either meiting of coll materials o
or *hermal mirosces esurs cell {ailure. Such
vaciable oz rupsesy ecaditions can be cauvesd
by voltage or cuxwesd overionds, restricted
cooling, zweasive asidest tomperatures, oy
deterioration of ke ¥evorss blosking chae-
ectaristic of tho vl The maximum verdleal
overlnp AP of carven Py and Py is 2 massury
ol the ratialility of a mmfmzar applicaficn,
To aecuns longer Mz gmpectancy, AP caabe
incresged by deratie; weltage ond/op currens
por coll, by lmprowisy coollng, and by pro-
viding lower amhest & goraturea.

Treermmd smnway o the fype desceibed -
vstnily requires kst the tomp..atusre of tha
entirs coll end Mo anmeciaied ecoling system
*ren awey’ from e amblent tempsrature,
Bucls actica rogelzeg v lopss of masy
mimedss Boeovod of Be args thermal magaes
involved. Under vary cavess: avloading bow-
gver, lallove moy erour within & matter of
cycleg as ihe vory Hms'led fharmel capacily
¢ the hectica melortals nllows the junctien
to rvn away fre-n the bmporafure of the
coolisy systass.

Maginum Jeretlos Taugperadure

When thermally sisdla ecnditionw prewail,
oo maxdmues Intermsd operating terovorature
of any tyso of rectifier ool {o Umitod to thae )
lowoat malthyy polet «f Mg componoma. How I
evor, i joog lifle zxd Mgh rolishlity ave
required mdor costisecewn-duty oparating coa~
dittcns, the tempsrsbzre of the junction mued
voually b2 Hmited to & valne woll below the
minimum =eliing podad o ingurs an ocmple — -

gnfety factor for rwsessl voltage and curresd
tranz! ts that way cerwr In servica,

Tho tomporetare ot wich # etlicon or gon-
mani. cHlon Ry cpersis catisfactorily

b i

Vi aat2e B > T land -

—\.‘\ N

RS TG S CHENRLS LVCL LA TS R X0 I Ve




irgeblefreo operation at fmeelion tamperalures LUNCTION TEMPERATURE

ek
——te - . —— S 1
1
i
. Beme3 Poalk Inverae Voltogs - .
i Stondard 7 oin ' ) i
! minfelyre bess Although czeosding the T3V roling o 2
- = 0040 dis pin gilleen or germaniur coll doss maf imply
{ o & eartain dostzuction of the coll, opurciie ia
‘- 2 tils ares oim lead to veducsd Mie fhwould
: e cvonieal thermal runaway or voltogs brosk- -
; A8 down, or 5 combinstion of botk.
i
: In come collp, pardeuiarly emoli-arsa sille
: con devices, the revorse BI characferistic
' deplays o sedden rapld incroass in peverse
: curront when o given voltage is exceaded. In
‘ athor colis, notably germaniom and large-axea
siiicon devices, o ‘“‘softer’’ or gradual brogks
. down in the reverse characteristic oceuzs. I
either case, this imcroase in reverss currest
cnm lead to cverhesting, excessive ¢sll do-
tericrntion, and thermal runaway, partienlarly
whes aggrsveted by such omtornal fretors
ap encrant overleads ped Mghar-than-ngseal
- BASE BIAGRAL o ambient tomperatires.
Fiz. 1-30. Piug-ln pockege olmilay tp 6bo o Heocousn of the very close relation of BV
velopn, This packeso wan dealgnod for Bgh- ond arablent touaperatuso on ths poraiiility of
veltego silleca grown juzetizos to disectly se- thormol rumswny, partlculsrly in germsdes
pizop o vacuzs Sk, dovices, the waunncturse ofien offoss altoz-
nods yaBings by whlch tho usey cen (vada FV
for Kgher opzya temperatuysy &F vie
dspends Ales fo o grem exiant oo o dodgm V@mg‘gh oraraling ¥ 8
gud fabrication. High tomportitures promole
'{ chanieal comtorainotion o the doliente axd
1y mimzto curineos of the jusclion. Thizchomieal
' acttvily  detoriozeton ke vollage blockdng 75
ity of ths rectifier fo tho point hore Alae
bresudows oF mal Fesaway  evaniuslly = VAl
cesern, -9 /Y]
5 . |
a isol .
i allornalives, oy o comblnation of bolh, o Hgoz d:%gpafic;n\xﬁ/ /] i l
can srolsct the jesction froms tidg possinilily. it To%cﬂ o ;m, *k / ¥ '
One i to lhoit fmetion fessperature to guch G | genorotion i Py /
/ o low wrles that chomieal selivity lo voduesd @ fo—te—ioor :
to a segligiblo rate. Tho othor, rove direcd z ;:ﬁgg,;gg “N\Z / /
1y appeoach ie to oliminate ibe comtowminating I ; FaY d !
1 foxeiga agents frow possibio contact with the % Stoble operai- / \ / -
I jenciion, 48 can bs accomplishad by oxtrese =~ 1me Pomﬂ\mﬁ ™ /
s cave §u {abrication, chomical or slesivolytic s 7 Pl
: ciching of the pmciion, aad rigorous clennius W f-/ / A
i procensan; all to rid the device of intdal i A 7
1 eontminaficn, and finally, oo of a hormstie & / Py L/ ‘\:"““‘“‘ﬁ .
} 20k {0 Keop svbsesuant environmontal ewi- - £ Vs by i
mmination away from the fumction during the g L7 /-/ Forward heot
1 diespan of the coll. Roproducibility of these x / 7 @Olnemt%m
! tochmiques s one of thy major problems [~ |
! confzgnt'ng the menufactorers, Carsful at- |/ d [
] towiioa to thems clesalincas faclors pormits -
!
3

-~ " in excosa of 100 C for germanierms cells noad
2580 C for vilicon cellg ) .ovided the agpiicstion Tig. 1-40 st rolations fa jusclica yesifflas
docs pot introduce e possibilily of thermal (rom Progoesd Test Code for Molallle Racid-
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Induetive Load Effects

When any rectifier supplies cn iuductive
load from a highly reactive z-¢ line, special
protecdon against induced voltagos which esse
ceed rated PIV may be necessary. Under
these conditions, the rectifier cell commtaias
ity load to the next leg very suddenly. A
chargs of current c yriers is left sironded
in the bulk semiconductor material. Thesce
carrigrs (holes in n-iype bulk materizl) nor-
mally disappear by recombinahicn with oleg~
trons or by diffusion out of the semicoaductor
matsrial, However, when reverss voltage is
appiied immediately after heavy forward cur-
rent conduction, thess carriers do net have
time {0 recombine and diffuse maturaliy, but
ingtead are swept acrods the junction into ihe
p-region, resulting !n 2 current Hrmdted only
by source impedance. Uniil the carrierg bave
been completely awept out of ¢he bulk pomi-
conductor, the resistance of the coll is very
low, acting slmost ke a short circudt, Within
& fow wmicroscconds aftor roverso wvallage
ing been applied, the carxisrvs have nll bsen
awept cut and the cell recovers abruglly, By
resistance immpdlately changes from a frae-
fon of an ohm to thousends of chas, cavaing
a gubstanitial voltage surgs to be indused in
the line rsactence. Since this is & cyclieal
occurrence, it is important to protect thecalls
from thess voltages i they sre sxcessive, A
pmall amawnt of copacitancs inslsllsd acrocg
ths d-c output terminals of the reciifiers in
full-wave circuits, or acrose ths s-¢ tspat
terminals of hali-wave clrowtn, wiil wseddly
dsmpen the most viclons veliage sphes to
viluas within rectifier handilng cagabiltties
Thig problem appears most prevalent in bksod
netic amplifier spplicattens whers 18 18 im-
perafive i{omd revevge currend be ko o a
minimum,

iurga Con(ﬁti_g}g

The {oregolng dizcussion concorncd $1mald
largely with asilicon and gormssium ol
operaling under continugus-duty conditoas,
The rectifler cell, however, will froguesdly
be subjecied to intormitert applestiom of
agditional curvent and voltage, ths sgwarily
ol which will depend oa the spplicatics,

Fortunately, the inhorent thermal capselty
of the rectifior cell can be utilized to swod
advantage {n sbsorbing the sdidifions] hest
generaled by translent overloads of currem.
For transients of a few cycles, the thorrsal
capacity of tha juncon 13s8l will pormit
severe overloading boefore it reaches oxcecaive
temporatures. Manufaciurers’ dala o this

L -

type of duty in available ie the form of surge
curves or overload characteristics, A curve
chowing allowable gurge curromt fer 3 typicad
oilicon reciifier i chown 1o Figurs 3-41.

Under extreiasly Mgh curreuds thet the
rectifior .can withetand for less ihan omo or
twe cycles, the reciifler acts oszentially Hhe
a regitance. ifnder these circumstances, a
maxisavm gafe vaive of intsgrated heating o
1%, can be established for the cell from
manufacturera’ data. Mnce fusen ssseatially
display this same cousiant 't characterietie,
they are 2 handy tool for protecticn. Fox collg
that are oubject to thermal runaway, the
maxiroum allowstle % Wil depend upoz the
inverse vollags impressed co the cell follow-
Ing tha gvsricad.

The continucus PIV ratlag of a silicoa or
parmaniw cell should not bs extesdad even
=iy momentory conditions, unlessthe many-
facturer gpscifies o sapsrate irangient £1Y7
rating. {Jes Tables 1-0 and 1-6.)

B|LICON AND GERMANIUNM RECTIFIER
APPLICATION CONEIDIERATIONS

Peult Protocilon

Faull profecton regquires spocial congider-
iom in designing gesmeanivm or silicon recti-
flerv becansy of their relatively low thermal
capaclly. Momt manulscturers supply over-
Yad or surg s characioristics of thelr esils
eiich sbow current handling capeelly as &
fenction of time for short duration ovaricads,
Asy protection gystom must lmit fault cay-
Tenls o valuss specified by iho surgs cwrva.
Tids mRry bo accompllshed by tsirodecing
gaificient impadanen {n the clreudt to imi
th= fauit current to safe valuss, or by parsilai-
ing o sufficiont numboer o cells 50 thel the
covreal through any one coll doss not azvesd
St raling. A eingle fuso or circuit breaksr
may be uwsed v che load cirowl ox o sach
2-¢ line for load fault protectics.
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Table 1-8—Typical 8ilesa Rectifier Charactosiciies

ING3G[ANSSTIINGIO | INSID | 1540 |4TASET™ {AJAS0BY ATALBAC

% peak nveres voltage S0 | 100 | 200 00 169

Max mee coltasge B } 148 8

Pay cozBRUCES ¥Oversy vollage 50

Max d-€ ouipy}; mn, at 150 C 250

Max &-¢ cutpul, me, at 30 C 750

One-cycie surgs current, amn 18

Full-ternd forward woitage dyop 8.5

Max leakage curpent, ma 0.4 . 0.5; 0.3

Max operating Irequency, ke S0 50 56

Ambies? spevaiing temperature, -05 1 -85 | -85 3 -8% | .68 -G8
deg C +185 |+185 (2165 {185 . 165 | +203

Storese tempavature, deg € -85 | 68 | -85 | -0% ; -83 -83
+175 (2175 14175 {4878 [+173 | <24

*Commercial-typs numbers.
§ Depends on temperature, Ronge {de) = 100 nmp at 103 € to 6 amp at 263 C.
$1A1 35 C: 0.6 colts at 0.1 amp, 1 volt at 50 amp, 1.7 volts 3 300 arap,
AL 260 C: 0.3 volta at 0.1 amr 1 volt 5t 100 amp, 1.7 vott, o3 800 ama,
9 A2 max PIV, 300 C juncticn temporature,

in adcition, fusos arc gensrally ussd to & cell faliure occurs, favld carrod from ofher
fgolate 3 dofeclive cell wivn continuous op- lege flows throush the {allsd coll ard iig fuas
aratica & equipment {s macdatory. In nuch unitl the fuse opang, leaving the other grouns
an syrengament, e cells In oach log of ths stil cporable. & mintmum of thres groups
circuil are divided intozoverai parallel groups per leg ig gengrally vequired fo enzura that
with a fese 1a gorles with cach group. Whon thss proper fuse will foil,

LS

Table 3-%—Typleal Gormanlum Power Rectiter Charscisrinics

&JA30118°

INS1 1 R E §) 3 C 88 C

Max peak Inverse vollage 100 > X EAY { 204 166
rMax d-¢ outpul current, ma 150 { R ! GYJ i SOUE 231063
kax foreard voltage drep 0.5 5 5 R .85
Max leakage curremt
at rated PIV, ma 2.7
Cociimaoasy yeverse working
veltage, de 30
Maxz rms voltage --
Mig forward to re’ rie currend
ratio {(avg {orvard to avy reverso
current 2t full load)
Pozer dissipation, {ull lead
Operating {roquoney, ke
Kax surge turrent, amy
Storage temperature, deg C
*Cemmarclai-ty e numbeg.
1 AL 150 wolis de.
£ 70 porvent rectiication,
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8orios and Parallel Oporatiea

When o highse poak inverco voltage muet
bs hondled than can ba todozatsd by o slnglo
~oll, seriés operaticn wmsy by employed. Tho
recommendatons of the mamdacturer showld
ba iollowed ir sech & caso bocangs gome
typss of cells require matchedcharacteristics
to operate in gerige reliably. Reristors may
e uged in parallel with geries cslls to
ensure vollage sharing but this practice may
be uneccnomical and will geserally reduco
the ovorall systers rellability.

Cells may al£o ba connacted s pavaliel fov
greater current handlng capacily, Carefud
matching of characteristics is reguived to
nchieve pstisiactory current divimdon. Divisien
can be forced by ths use of a parles resistoer
with sach cell It this rosults im reducsd
cireudt efficloncy nod 15 uivally vol doma,

Cell ln3son can be dstorminsd guite ne-
curately ir any circult by graphical Into-
graticn of ths product of cell woltage wud
current waveforme. Dirsct mcaswremnent ¢on
also bs accomplizhed in low-irsguerey clo-
culty through the uso of 2 lowwepusar -luctor
moving coil wailmetsr. Such 8 mweter mugd
ba able to ragpond o the d-¢ vomposent of
the wavelerm, 2o well a7 the harmoenie com-
ponents,

sdgchanical Coraldorations

Silicon and garmanlum rectifiars axre ine
harently rugged mechanically becasgs they
are smwall in &ze and contaln no moving puis,
Mos: tvoes can withstand vibratlon fafigue
tostaof 10 g and 1-millisecond shorks of 500 g
The cooling sysem ascociated with a rocti-
fler cell is gonerally weakor, mechanically,
than thse cell 1t3eH. Tho oy types requiriog
care in orlentation zre {roe coavection-epoled
fin {ypes and {ntornal vapor-cooled typos.

Tharmal Considoraiicas

The lossen focurred ln operating 3 rectl-
fler cause Itg lemperajure to risy above
that of tho amblent. Since ihe loss . are
coacentrated {8 tho regica of tha rectifying
tnction, junclicn temporature s oflen uead
in reting 8 rectifiey.

An indirect mcasuring technlqus iz used
with jucclics temperature, wihlkh ig iaxcces-
side for direct measuriry The power ioss ia
tho cell i multiplied by it intevaal thermad
impedance to odlain the Internal trmperaturs
riso, Thermai lmpadance 18 gonerally spec-
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fed by o masfectures 80 the tompoeraturo
tley (per watt) ¢f tho junction sbove sn ame
tarpal temperstoro gaferancs polal,

Fo sacuve catisfeclory operatien of a8 gomle
ermductor  rectifier, adsquate cooling mankd
b provided. Wharo patural cogvectien cooling
19 smplcyed, tho prommity of other kol ob-
jzeis must ks eonsidered. Recifiery dogigned
{or natwal coavestica coollng often depond
es locing a2 coasidsrable amound of heat by
raflation, A neasby bot object may eanss &
srlotantinl pedoctlon In podialion less,

Porced-aly enssocticn improves 8o msagde
mam contdnuowy esyyent rating of s rectifier
tmt does not incwease ths short-fme surge
rafing, Forced convection doss o improve
ths gbsoluts maximtm PIV zxatieg, bt may
seduce thy dorafieg factor whors regquired to
prgvant thormal rueswmy. Conadarable wosk
is i1 progress ga KBqud coolng fov lawge
worrannivm povay rectifiora®

RIGIABILITY AND LIVS

Carmanium an] oilicons rectifiors may faQ§ |

in sorvice due to 3 szmbar of reasmna,

1. Tharmal sumsway as g rosuR of im-
efegeMa cooliny oy oxcosslvo sarent oF

a8
3in:
22T,

A Molting o recitficr materials by over-
gusrests such 89 ocouy durlng foulis,

3. Tractws of pmcticn materinds or goldsy
¢ s dus o therrsal {aligue or tomparaturg
A

4 Dsleriorafien of roverge charactoriglie
ag 8 result of jonethon surface comaminalion,
cilhor romalal gy from fabrication andprecese-
ing or permiiiad to eanter through defective
Berisolic menla. THis deseslorstiom ugually
leads to tharmal »aaway,

X Practure of golder jolnts or {ault cur-
revds of sulficlent magnitede to molt and
Gleperae sternal astsriala

I properly febrteated ceolls, no chango o
the forward charscteriptic lms bess known
to cocur with the paagage of thme,

s%ahl, H. €, “Direcd Water Coulad Cormasntne.
Power Rectifter,” Coazamteriion and Bleetreates,
ALK January WGHI.
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Means ¢ Prelon ving M‘C_\g

Roliaility of comicondeler moritliers con
be imaproved by incroesing the foemal Fose
awey margn of ealely. Bslleresctivy, soduced
soak-inverss voltags and iace farcn. (cuREmR
loadiny w2 scepmplish e A kove feden
& safety S reduce the srelehiiRy of fallwre
dne to wuploaned sbucss o the B4 ond wilR
allpw grosier deterforsiien of the ] belora
runaway Wil occur. Chemiest Cetvrioration of
the coll alvo Jsker pless & 8 dhwer sole o
low temporatures. The preciice eledisg kectls
fisrs tm serlcn greatly mprowe sellaiility
slacg the geperst mods of follexe io to shord
rather thea 10 ozep. The Miv cwvival patters

Aceslerated Hie tosting of sswlesadutien
wctiers con bo accompiiched &y apevaling
with 8 reduced Yorwal sumacsy factor
paloty. Tollvrss occwr mens frogesally thao
neymad boesuge loss mands for suvaresd do-
texjoration in avellabls., Auether techalges
reguentsy wv2ed o clorem &R Ewvated fome
peratures abeve o nopmal eperxtiey {fmeilen)

tomporature. This cavsen o wex chaga
actarirtie (o dslovlorats &l =0 ascolevatzd
sats even though 1b0 eolls ave A

Professionsd sod InGugiyy

A eomypwohonsive tebuladicn o psyreanium
ond stMeon pochilles torms, cyrmbels, coidtests
ey b fewed o tie “IRE Swadnals of Blog-
trea Daovices: Dofinitiong of fuericonducioy
Terms, L8647 “IRE Sandarss oo LeRor
Bymboly for Serlesadicior Deolees, 10537
the standarde of She CemEdites s Sextie
conductor Devices {('08-14) of 4w Joint Blrwe-
ftrga Tubs Bogivearlog Cowpeld (0STED); and
the Proposad Test Code fnr Bst=Ilie Recil-
farg (AIEE), I ths grss
gormanivm sud silteca % KORE Cofe
flicts with tho entablished torme sadpracticss
od 5 nlu onG coppey ouids muedfiers will
geeur tomporarily bt furilse vk wiik bring
uadformity of standzrds ssd sgeriiontions,

BMilisary

MIL-B-1, * Blectvon Tidres vl Cryntel Roc-
tifioras’; 2AIL-X-35380A(USAT), “Baralcon~
ductor Disdes, Pianlodiodss, Trsssistors and
Bhcioteansistors’; aud BRL-T-LRE0A{BT),
“Pronsistors, . Crystal Disdes s=md Helatod
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g 1-08 140 cryvival paltors for © pevease
odumy rostidics.

Ssmiconduetir Eloclvonde Dovicsy’” arg basle
gpocilicationy which fuciude tormp, cymbols,
snd sleciricni, mechandesd, aud onvizvamental
tosts for moctifiors.® MIL-BYD-203, <Tazi
Bsthods for Blsctvosde and Blactsic Componsd
Parta® covsrs bolh simuiatod and aecelsvaied
snvircomaenist tords. Semiconguctor rectifors
are fregusntly o osified im tormg of rifor-
gnces te the onvicensatol parts of cguipmand
spocificatieng o7 Who thyes branchos of avmed
perviees, Typled environmaniod spacilicalicns
wowld fmedudo v soments for cowe o ol
of the folly saechanienl cheek, coxleifngs,
Mgh-frogemey  vibration, vibratos fallpes,
ot speay (corresion rosistanee), humidite,
meiptare  posislavco, tamperaiwre cyeling,
Mgh-tesagarnire slogegy, low-tsmporciure
stovage, aliiteds, and prosswre, Furihor ugs- |
cfal seguivemsnily, oueh oo resisteneo fpun-
clear radiatios, fongua, yaln, gen, and rand, 1eay
bondded. Alse,este (foy exnmpls, axisl strain
oy glass-covalops olraln) applicedble o o
gpeelfic wpctifior doslgn ary ofisn inciuded,
Hovivgswmontal oz docign reguiremenis axs
chocked By fssiay cumples from 8 Iy af
peciiflors,

Lio =3 gre generally tronisd separetoly
froen envivonsantal {sote begcsuss  tho leany .
tme gon od ond the nocoposry low lewel
of sampling. 1~ fssis may ba perlormsd
Bl any tomporstvrg. Howover, thoy ary nore
mully perforv: ¢ @t tho highost cpsrsting
tomparaiare wideh pescolte fn ths ssverost
conditione),

TRENDS AHD DRVELOPRIENTS

T omicendncior reetifiers will Do tmproved
constdosably darieg the nand {fow yosrs. Basl-

-

9 MIL-T-16300A, “ Transislors, Genasal Dpscifi-
caties,” Las peploead MIL-T-35368{UBAF) ond will
sopisce BIL-T-18570A,

23
e
o v - - <
- .- ~— e = [
. R ‘ - e
- . - en e AL Lgamy L ee %
. gt . o N - -
4 ¥ PR A . . PR
N e e ¢ T T .,,.,"‘ - -
. B £ w 4
DR R R N - - - N
ot g e s SPUPNGD AN ST 0 e
e e . . - .-
oren . R VU O

(e AT e




¢
]
gally, $ho trend i toward more elfictent, bighsw corEa voltage copabiiities thon gormealen
tomuparature, higher voliage, msso reliabls, rectiflers. This foatwre, more than any clior, .
and leop enpensive rectifiers. Funradavelop= wi} eaucs o defindte trend toward the weo of -
4l montg are Roted balow. siilesn voetifiers. For vy Mghvellngs soctl- :
festien, graded laclsad of alley Suneliend g .
: “f 1. Longer Life. & bsier endercionting < il sndorodly baesmw o clandasd, .
| tho factors wideh cance dsgrodoiion io bateg . . :
gained with exporience. Reveres susrent Bmt': 9. Epacial Dontgns forips g Ge ﬁwﬁw&@"’% \
age arcund the junction has Lesn e most ?&avf dootgne wii} beeoms sval 1&5}1@ z}g a’sr?fwdl .
difficul? factor to bring tndsy comscl. How- ¢f éamands for opscific comicondrclos ginge
nidads v . o . I 3 PHETGER
over, protesces which minmize or elimings ectorioties; for example, for voltags ¥elors “:j
sxposure lo molsture ond other comtonainants or rogwlator rechflors, Clhers, such ag bigh-
5 y frequanty vectifiors xd roctifiers which bo- _
plug uotter packages should aligviste hids bavs Mk tvens. avo alrerdy bilra do- 3
problom. With the ~Uwminaticn ¢f lesksgs g:gvig ¢ thyrairens, aro alrciay bing _ ‘
around hs jurction and propss mwchanical o,
3 ] t " :
conglruction, cosentially infisito Ulo Aol gpywnauns, GERMANIUN, AND SHLICOZ :
) RECTIFIER APPLICATION .
NEODERAT
9. Highos Bavircamental Rellekility. Beltes  CONCDERATIOND
m.ﬂgsimﬁcal dapigns and good precoss conlral Blesirieat Cirenl
wiil rosult in more rolinble dovices undaw
sxtrems onvironmonial reguirasinla The ratiogs of pectifior eolls aro prismmarily
38 ; .
dstormained by intoresl Bsaling.® Thogsiors,
3. Higher Puwor Copsbilifios, Uailscapable whsn eslls aro opplied im 8 spocifie clrexlt, i
of carvying up to 2000 smp por ¢oll are thy wavochnoss of sppied volls o oud cvredd :
alrendy vuder consldaraticn. & rumbor of muet bo considoped for dhely Foating ofscin, .
colls in thy 350-zmp rangd ave snpldly menck- - Thug, o espacliive-tupst Gessd cinesl? wondd :
ing production siagen. impozo a lowor ovgrsre rating for o plvea 3
esll than would . reristive or laduwelive lood, ;
4, Lowoy Cost. The vost pow Klowa ¢f Sailarly, the revesco vellage wavedogs lome <
roctified power molng ger 2 god gilicen possd by 8 three-phncg cdrowll wlll essss 3
rocilfiors is rupldly bocemlng eompsiitive gvesder roversa b 37 than & cisgloe o
with cihor types of rocHiylng osils. 4s fhe Szoull with the saws pel-laveres voltego. .
veiume of uniis sold incveas 2B pow : .
materials and procase conle will dservass, Rectifier clvewdd e3ios guch ag Teble 17 3
: glve the thoorstical relsticoskips of cuywrend !
B. Grester Operating Teesorature Range. aud volzgo for tho commonly ussd poves- i
Better process mnd packsgs aesipn for llicos sepply clvewdt consections, Thoos yolelos. !
reciifiors will rasult in pormissible eporation tps ary bassd on e agmongiioin Gl the i
up to 250 C. Other comicondvsiors m&i‘}fmg &Lgkpi; voliage is @ freg ging WEYE znd 2hng }
studled witch should psrmit eopers at o reclifying colla prosont no drenl! logess, §
tomperstures conmdsrably in sxeoss of 380 C. R
pora ¥ i Tho cffects of ool vellago drop @ owdgd :
@, Nuclear Raclation Reastencs, Redintion voliage caa bo dstereducd from the published §
rosistance ©icomes more lmportant with the waluze of‘ mll—'cyclﬁvediw drop, Tho voltags g
1 growth of roclsar powey. Peversl studlss arg will be 208 im*? g‘f_ﬁ %1.-.26.?‘321‘9 al W:l;‘:’@ o tug 3
: in progress io delerming radiaticn effecis ea s:::ir?u)if by'h‘,g amoed of coll drop datsrminsd %
| gemiconduciors now in preduction. Insdditicn, 55 1030w E q
offorts o degign rodlotion-vedt:inmt recii- .
, flove ave boon £artek. Total coll drop = Humbor of clreutt less %
! . timzes the number of gsoring it
H 7. Improved Charactoristice, Both the ye- @%}g ’_g)sr ﬁle;;g-timg:a o é
: vores 2nd {orward characteristics wil b BYEFEZ0 Cell Grop. A
improved as manuiscturing exporisacs is s . 1
J ::J?v\d g o Il method will be sdllclently sceurate fov
!’. ;? gaihett most circuits. Krcoptions are low-voltegs :
oo - ) sroplios whorve the cell drop bscomes *3
3. Highor Revoroy Volings Capabilities. significant parcontage of the cuiwd voliage, 3
Bome silicon rectlfiors for ney in excoss ol o
1000 volts havo already appeared on Uw v Other {hen (hoss mposad by e reverss hresk- :
markst., Undor normal ambies® crediliunag, down voltago of tha cell, whied lo ol weually 8 ej
stlicon roctiffers can offay raech Mghey xo- Hmdttng fuctor. . =
e \:
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Tehle 1-T=Clorastarictien of Poctifiors - A Roctifios Clreniis?

Roetiitor connaelinm

e

S-ghrza

ratfevroos

Sephng ‘I
B-gheco t g Fcte | Sepiec
ﬂmg;gfwu {Gmghona wuﬁf!o»ﬁrzo
Bidge etag) {with 7T

N2 of roctifying
clemanto vequired

o)

3

g 8

b

P) 6 ! o

) i

Boctifter €0 - 2erislics o ebinin 1.6 vol L0 anip d-¢ owtpld

Rocilior ontisy chavasioriclion

Aserags d-¢ volin

3.6 1.69 1.69 1.85 1.08 3.09 1.64
Poai d-¢ wolis .34 1.87 8. &7 1.83 3.68 1.8% 1.4
Rime d-2 vollp 2.5% 1.9% 9.5% . 1.08 5.03 3.08
Rigpls factss 1.22 0.43 8,49 .18 0.043 0.048 0.0642
Hagor ripple frequancy iF 3% P k)4 )i ar 8y J

Bactifyln

g sloeant choyneterisiica-—2alclmmee toad withoul filioy

Avori 2 {evwasd curyerd
{por rociifylag cloment)
Peuk forwand currasd
{ver reciliying vlamaont)
Bms forward curvomt
{poe roctiiying clemeny)
Ratto: poak var avarage for
wosd ousrond

Paonks yvares volls

1.69

3.1¢

1.8

24

[Z A
h

34,

.89

.47

0.763

3.34

144 By | LETR, | REDT

)

8.69 8.383

1.5% .21
C.7E3 0.022
.34 .83

4

B

““‘:’l

0.338 0.857 0.367

1.063 1.88 0.538

0.6 6,438 0.309

2.16
2098,

4.59

200 6,

3.19

8.438,,

Hactlyieg elos

et ehareslevisties—Lovna reevtor-inged NNor or tnlsetire Tead

Averugs foveard curram
{por peciiiying alomont) .22 a.53 8358 £.338 g.46Y 0.16¢
Pook aworage currend
{per yocillying oomeny 3.3 1.84 RS .88 §.80 8008
8|ms forvand cusvont )
{pes rectiylng olomony 8.%57 BT 85%% 9.597 858 $.382
Fao: peak par averaga for )
ward cersont _ 263 3 R 3.00 1814 3.09
Paak isverge volls FUE, tISTE, ROPB, [ 1L {2WE,, 24IE, ¥
RPN o s i R b ¥ s 8 et it e o
Tyansformer srling—Large renctor -fepat {00 or wduntive k

Roe secondary wolly per log
Bycendary rins smperes
PYimAry rop ampoves
8acondury wolt-ampares
Primiry voli-amperos
Avarsgn volt-ampe1 o8
Sgeondary utilisation {aclor

L3
1.5%¢
1.6
3.4%¢
3.487
9.45¢
0.35¢

f A A o
o

SR Gl D wd s

<
$p e

f,

D e e 0 s O

e —
A-C

lirz input—Large reactos-inat (14

Rmag ampares
Pover factor
Bax theoretlicny

187
0,387

cfficigncy, S

49.8

.09

01.3

e e o e g A

111 pasd | essr |ovds 0,854
733 a5y | 0.8303 | e.aps 0,388
108 9.4 10830 | 9.67%8 | 0.409
111 48 1,08 1.81 1.48
113 1.9 1.05 1885 1,03
5.41 3.35 1,05 1.85¢ 1.28
6.03 osvs | 0.038 | o651 5.675
—A Nt e
v inductive fekd
1.60 oatsz | nur losss 1 oavon
.20 oAy 109055 | 9.933 0.950
33,3 8.4 683 91.3 ‘[%.2 |

°Table 1-7 wrs adepled {rom & tadds In “‘Flocirenics for Indusiry,” dy W. L

inc., Now York, 1947,

§ ¥alues for resistancs lusd withood (tisy.
§ Yalues for Dolla consected primayy.
f kas mvores poal walts a8 Jghd loed

Bordw, Nohn Wiley & Song,
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RECTIVIER LOAD SO HEMERATING

" Pingle-Pheo

Lends, ReetiBor lozdn moy bo eatogurized
a3 regiotive, fadretive, ool emjecitive, and
varieus ecublosiiong of thase (ypes. The
offect ¢f o loas vpim tho ouipst waveiorm,
posk curreet, o 89 o, 15 oo fullowa.

Redloiive. For rlaglo-ghace circulls, the
voltages asd currents specified ave for se-
cistaneo loada, Thess are the simplest (o
esteulnte kooguen thers enu b no ctorags of
charge in 8 recisior. Thoroiore, the marimum
inverss voliage (%) scross the rectificr is
the per’s; of the sopliss a-¢ voltage; for o slos
Wave, B o5uals B oguals LAL & oy

Co Yig. 1-43 tho oizy wave instantanaous
valus i o= Beaing
EndasB

ROFE

B o = pock volleyo

@ o phacy auglo, FeEmy
§ - fdroguosy, ep8

2 = {imo, gstonds

Flews 1-48 shows the vedelance load volt-
ags of 3 nl-wave roctifiar. Th averago value
is B agunte 0.318 B,

Induciive, The lodmfive load cewien us
spscial peoifioms othoy then thoss ascociniad
witk civcoll interrusiim. Typleal inductive
loads sre rolsy collg, Rlior chokos, and 89
forth. (858 alse ““Iaductive Load Bilscie™
andar 8lleon sod Gerrranium Rectilione)
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CURRANT

e e e R e prme— =

, Cafonims fa u shisple-phase Sall-
avo rectifity with coslcimey oode

200
L
o086 T
% o4 =5 )
o
Loz 510
§ 09 2w Redieng

o g0 18O 270 360 Degrecs
~————ONE CYCLE =i

Fig. 1-44. Effect of inductance on veduring
pesl sectiflor cursonis in singlv-phase dalf-
wave eircuita,

1. Do-anssgizad coll. A do-oporgived ool
achts lle an opsa. cireuit. Whon vollago 9
agplted, eurment budlde up o 12 80 tho mag-
natic field bocomon setablisbid. Durlng con=
Hincoeg oporntion, the coll keeps tha suryent
fiowisg steadlly, but there 16 ao voltage preb.
fesr, Yo ponoral, ths induclive-lond rectifiow
cireslt hns the same curvent rbing sg tho
rezigtance ioad, and the peak lavorse voltags
acvoezs thy sectifior e, 28 wilh rasiclunes
lpada, ths peak of the n-c supply voltago,

Con eycle of the curront waye shown ¢a
Fig. 1-44 reproconts an inductor and sasies
rogieior supplied {rom 2 hali-weve xrertifew,
When g {nductencs is zero, the dofied curva,
wideh iz typeal {or reglotonce loads, is
follomed. Whes 3s1L/R oguals 1, 5 smaller
pask currant ig oblulned, wnd the currend
continwes (¢ flow pagt the 180-cdaogrse pimes
anglp. Tho load roglsienco is hopl conslant
fter all curvos on Flg -4, Az ths o
ductancs valus is inireaged, tho psak curkent
19 decroased, and the time of cuwrront Jow is
lengthened. Inductive londs sye soldom used
on hali~vave roectifier circults. Oiton they
arg gupplled {rom {ull-wave mingls-phage ox
any of the throc-phass circuits,

E. Inductive Kck oa oponing d-c circulino.
Whem desnergised, the circult inductancs must
dissipeto lta storred onergy. B 15 dangerous
to open 3 d-c eerles-inductor cligult; the
fndective Mick can do damage. Imsiend, the
appsoved method 18 to open (.o a-¢ circwit
to tha rectifier. Thon th- inductive kick will
quicialy mnd harmleasly digoirate itsel in the
rectiffer. This is the princlple of the are
BUPRIOIROT.
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Copacitive. Tiis typo of Toad Is typilied by
Meh-posk Iaverse veltages and Mgh-surgs
cucranig. The procontions moled below ghould
bo clocely followod fer beet porformancs

1. Current dersitsy Gdee., Fer all slogle-
phase sectiflor Wrewily, the ssciolse-load
gurzost ratlng «hodd bs doemcaced fto 0.8
for cagacitive er bsitory loads, & rectifior
ralcd ot Qeamy residance lad, Wil hondle
8 L.B-amp capncinr losd. Uno seases for
thip doreiing 19 thod an wmcharged capacitor
iz o ckort cirewils 18 tnkes & bonvy inftial
ebargluoz carrent, This ohwdd ko Hmdted by
o sgories zosister, whuslly of $ho ordor of &
poreant of the acival load rosiclamso, Tiie
is uo small fhet it doos =ot matorially akfect
é-¢ gporaiica, In adtitlon, thure 18 congldos-
shie storage of charge in & eagreltor, whleh
8t po-load rlges to o peak of the agplled
s-¢ voltage;, or 1.41 B ..

3. Chnarglng cwrenl. For o8 vesid loeds,
comen current g dravm oo thod e cavaciioy
dseharpes to o voltago bolow tho poak vales,
Teo voltage B4, nerozs ths capocller in the
colid lins cuswe en Fig. 3-46{8), ead the
appiied voltage for & fod-vowe soctiflor io
the dnsh ewpvo, Lhrting from 53 R, Ba,

Grous to point ¥ wimes B inlozeacts 83 kindng
a-¢ wave, AL thg pob, e sechiflor sinsls

9 eroply current ag £hown an tho lowar paxd
¢ Fig. 3-46(B). Zho rociiflor comti.ues o
eondued waill polet @ i rezched, wbore K
again wonchas the B, vales, sed vo furibsy
condsciicn occurs untll Polpd F is roached o
the mast haolf ~~vwe. Ae showy, tho poak ¢ug-
rend i, is K Umss the nversge currest fav.
THe factor XK 1o Indlcaied en Fig. .48,
With large eapaciters, a=d d-¢ volinges woay
the g-¢ penk valus, hoavy ponk enyyoniy nre
drawn from the rectifior for o ebord paxt of
ths c¢yclo. Belsmium gectifioro are belior
equipped to hundla Wlg peck then tule vocli-
flerg malaly bocavse ol ks inleront en-
pocitive elioct of tho coll wilch rowmds off
the gsharp poaks. Thie 13 inticated by 3be
dach Hug ot H oa Fig 1-488), The psak
iz vseally legg then gl Amos the average
load direct current, and the 0.8 dorsling
foctor vswally 16 sdoguale compansatica

3 Roverzs volisge paak., With eapacdtive
loads, the rovorso volings spplied to » hall-
wave rectfler will be & memimum o twice
thy a-¢ peak; that i, fos clus-wave ingad,

B roveres ga @ .88 B

This i5 becsuse the capacitsy sloves a Gee
call of L4l B 250 on o sext hall-wvo

Sy @VOP Uy g

) ey 108378
T 2 7
\ ~ / veuReCy
b . - /L oo,
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RTELIED
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gkl et

Fig 1-45, Wavelopmo fn  elrzie-phass fulle
wave pectiliors with rosielive lvads {A) sed
eagacitive londs (B,

the teapsfor=op input voak is 5.4 Bee a0 ths
eoposite concs. SpociBently, fsz o 1&0-volt
pmo inpud, tha ponkt nvoreo voltage which tho
kal--vave  sostifies must witholond i 3.80)
tmog 120 or 340 volln, This ic iyplenl ¢f
Bat-wave g-e/d-¢ civenils whsn gporated o
altorrating eovrent,

&

4, Baries remistor. The covies reslelow,
mostioned eavlior 28 boing Immpordunt durivg
ths iedtial chasging of tho carsciter, is alep
seeded o yodvce the paak currenls which ave
charpoteristic of ecapeclor fopds, This is
pardiculaxly trus whan the d-¢ vollago i8 8
Invge Iraction of the paalk apelisd 8-¢ voltage.

& Capscltey load chuvnclericlisn. Yigws
1-48 applles whon a voclifios nupplioz 8
casseltor lond of 4 wd or lakgor, The roge
tongular boxos along tho hollem reprosent
tas fnaswt remistancss wileh insieds holly tho
vectifior and the goures {ivvaglorinor), AL the
right are ralleg K of posk yeciifior cwrrsmis
to the average d-¢ lood curresd,

Fer ownmple, with 160 fxpet obme apd
10,000 loed chmg, tho onipul d-¢ volts will be
1.3 times tho rma {nput voils frosa tha frang-
formor. Ihs peak curvom wreguired by ths
rectifiar will be 8.3 Hmmes the average d-¢
Boad evrrsns {wight-hacd peals),

In contram with othey typos of rectifiers,
18 partgulay morcury vapor disdes whore the
tuba rating must not be emcoedsd, the pesk
curvent $9 ssldom of congeguancs with eslse
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#r1. 1-30, Operatiny charecieristics of singlo-ghoes full-vmve rectitiors with Cl-epo 2-¢ supply e Wil
capacittve jouds greatar 6w ¢ mf. (ARRL, The Radio Amatsur's Hardboek, 335, ad., 1654
3 v vectiflers; ths avernge evyran? I8 more Half-Sava., Viguwe 3-46 Y ip g dlf-wave -
fmepriat, rocflor whore U applied alteraating voitasga 2
ki i Hes, the avassgo drect currest throvgh 3
: Figure 1-47 shows the reguiation for varices tho load 45 L g,, #ad $he auorage dirost velltage -
! cireeits with ecapaciive lozds eposating from across tha load s B o, Thoslemalingcurrent
8 150-voli §0-cycle inps, Tag t5 i sovics with B4, . Thosa currents are
sord by on o-¢ melor pnd & d-¢ maler, ;
; 3 valy. Far G jog T
Haltsry Loada Ths pofes for capaciiive ggﬁgfxl? 3 rosigtancs lozd the r |
toads apply dlrectiy to baitory-charging loada, ) - ;
Ths voltage of 8 oloregs ballery romaelng . . Pl
relefively constiet even ‘mring th peorisd Boo » 3e3}*éc + R{Dw}
when thers s no chaging cvrrent from tha fos = LOT Ig 3
roctifior. Hasca, fov half-wave ho invorse  Rimplo froguancy = {
voltese peak must bo regardsd os twies thed Agprommate sippls « 120 pereard
: of the penk applle i alternsiing currest. Por
} singlo-phass battery chargieg, the currerd N{Dv) udlcates W colls in pories, esch with
raling 1o 0.8 thmes ths oormal resigtoncs an rmg orward voltags drop par cell of -
‘ losd vuting, {sca Fig. 1-10) 3
g Circulte. The mnjority of selentum rocti- An wivaninge of tho half-wave reciifler is
5 fior circults oporats sithor from slngle-phass that the sccomdary of the supiy transiormay &
; i o7 three-phagn s-¢ inpats. Teble 1-8 gives and one side of the é-¢ load are comman, and
9 a the characteristice «f selemum rtacks ood cem bs grounded. This is a valuable safety  ~
Pk cirewita. As a rwle, the glagle-phase rectifier woamurs. The @Esadvantage of the half-wavo
: cirewitn are for low-powored ggiicetioas, vectifiar e the larpe d-¢ componant in ths
i The kigh cuiput rippds 1o gmoothad fo a vary irangformer secondary, This musl ba coge -
! low ripple by uslng fliers. sidored o the trssformer desiga.
3
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LOAD CURRENT, M4

#ig. §-4%. Regulation chasseterisiics of hnl
wave and fultl-wave elrcults with eapacitive
toads. It io 420 volts, 80 cyclee.

¥ull-Wave, Coator Top Pesitive o Nega-
Hve, Wigaro £-48 *C* and *N* gze fulle
v centar-dapped rociiflers, TRo conlore
tasped translormer o olving potvar has po
ficady dlresd curremt L wipdlag, ond ench
beabl eugplion B.:/0 for 1o half eyelo. Koz
o porisiancs load

- Bae/g = 1,15 Ba. 0 W)
$ee o 0.788 ¥y,
Wepls froguency » &
Avproimate ripsle = 48 parcesd

Thy alloraniing correa? {reps opeh half of ko
tyarglormer sacondasy is .. wided i rexd
w4th aw s-¢ ammoter. An advavisge of the
gusor~inp clvewit o thag the trasgiormes
top and ono d-¢ lszd can bo groundsd. This
is & roreaad cafely precaution. The cost of
the conter tap 8 & dsadvanisga,

Puii-Wave Bridge. An cdvaniage of the
cestter-tapped circult {8 obialned with ths
bridge clrewll B on Flgure 1-48 bocsuse thare
15 no steady dlrect current in the translormor
eaooadary. Anclbar odvanlags ig they ths
sitradnation of the cenlor tap roduces cosi.
Cu ths other hand, ong ddo of the G-¢ load,
or oaa aside of the tranadormor gecondary,
bl mot boily, may bs grounded. Usually the
negafive d-¢ lead ingrounded. Fora rogisiance
load

Bae = 1.16 By, » N{DV)
.. =345 1,
Fipple {requsney = &
Agproximate ripplo = 48 porcant

The half-wave and full-wave reciliieres axe
of major interost in elecironic applications,

but the oups? wipylen of 182 and 49 poresst
regpoctively regulys a Riter.,

Veltago Ilul8pHers

Fowler. Flgmrw 1-40 chows coveraldorblcs
eircuits. Twice e alternaag vollago gosk
Al o obtained @ no-lond, Clrocults A&hxm
D are half-wave dovblors, Clreult B in the
cnly full-wave dowbler. All dowbler clremitn
reguire capacliors oo that ths peak fnverss
voltage rating of the recifior musilks donblsd

LU PEREY

= . RS (), SO
CENTER-TAP j “51
POSITIVE L
e (PG Pt 8 {E O
A
d
},«

e

® FULL-WAVE,
CENTER-TAP
NEGATIVE

BRiDGE

Oniy ong ne@c?’w fgrmingd
“(B) FULL-WAVE /

Fig. 1-48. fingle-phase rectifier clycuite.
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BEFR (AT By, o800 (2438 (Boo =1 Bv) 0116 {0.00 0 § 521
€0 |0.797 Boe J 0T Ey, 180 B, o &5 Bv J0L3E (B ~ BIBY LIV, I0.00T, § €3
L1861, | LIS B, + WDy {0.67 Bee -NDY {0.571,.]0008.1 <3
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&:ezziémc:a
off feady

Delf-save b4 )4
Frreg-phafe
Lot B o]

34T,

feB-wavo
Seridipe 518 43

0890, (.83 By, « BBy (110 (B, -V B (LN {0.0678, ] 0
sin-chae otar |6 1A | 82 {0.707 B0 [0.48 5y, 1,436, + 909 |0.60 (Rpe - VD 24881088, § 9

.41 Boe (0.851,, [0.74%,, s N By

1.96 (8., - ¥ By |5.197,]00808, O

A~ Nunsbor of coparate rectifylng nvma, charectoriotie of 8 pasticulor civouit, g & full-oovs olnads-zirsn

bridge, A oguals 4.
B — Yolieze drop per call for o spseifisd clpat?,
B - Appiled rmg vollage npy, sino wava,
B, = Awrege d-¢ soling? culpel

Iy — Avarage dlroct cursont in amperes pov roettiying asm 4.

Bes = Applicd vms cuwsvent gy (amporos).
T, == Averago d-¢ tozd current oulpd {ampares)s

7 Mumbor of corles colls i any ono podtifying ayey A,

V - Madwium {nveres appliod a-¢ voliage to any one rockelylsg oven A,

flota: Clsels are comatlivos idontifisd by thres digits ales; for fnsienco, 4-8-1 fog o aleglerhers fellecass
Bricye, two ceils o cories [m oach arm, ong coll in paxells] coed main,

1. Common s-¢/d-¢ fend. On clronit A -7
¥ig. 3-48%, ons olde of tho a-¢ lnput and ths
d-2 pegaiive cuipwt ave common, but € and
Cg capacitors bave £o common terwinal. Whean
the top s-¢ leed I poattivs, €3 is charged;
wixn e top o-¢ lesd fo negaltive, Oy g
charged. Adter g brlef slartup period, the
voltags on €4 ig sdded {0 the volinge spplied
to the rectifior and Cs, thug doubling the paak
voltage at no-losd. For circult B of PFlg
i-49, the @-¢ positive ig common with cng
gido of the tnpul.

3, Comman capatitor lesdsn. Clrcult € of
Fig. §-49¢ 12 of Intorest because the noga-
Heyo leads of Cy and Cy are commos, per-
mitileg 2 single-container construcHon. Cir-
cuit D 15 similer to clrcult €, oxcept that
the cezamen capacitor lerds ars positive. For
circuits € and D thevo i3 no load commoun to
botli thy load and the input alternating cur-
roud

3. Serles capacilors. Clresht B of Fig
1-49 is a full-wave doublor, where ench ca-
pocitor, €, and Cy, 18 charged on an alternats
half wave of tho a-c input, and both aro dls-

1. K Patent 1,949,334

U & Pziest 2,173,064

-

chargad I8 sorlog throwgn w losd, Tilm
full-wave doubler bas s bast rogulelicen ef
ths doublor olrcuits ehown, Ziuce I msy bs
conrddarod ag two hmil-wave clreults back &
back, tho doublor will have twice ths voltegs
drop 89 coch compers® half-wave eirceid,
For ths full-wave doudbler, any ong of sevaysl
polnty may bs groundsd. Oiten thig e
poimt K, o thai o positive voltage abowe
gromd and a nsgalive voltagd bolow growmed
arg avallable, This particular arrangemzmt
to typleal of precipitator systomsa.

=

4, Bsrios rosistora. As a floal noto

circults of Mgure 1-49, whenever capacitors
are ia tho circut, 8 ssriss resisior {8 im-
portant. This provents tho largs Inltial swge
of curront when the capacitors sro vechanged,
and just as important, 18 Umiis the peak cupw
rort which occurs at sach half-cycle of ¢~
oration. R may bo 5 to 100 chma for must
doubler clrcuits of 1 o &30 d-c ma.

Quadrupler Clrcults. Voltage quadviiors
omploy 8 sarles of half-wave roctfiers s
dollver o load vollage approximatoly fosw
times the a-c Input voltags. At no-load caeh
sectian recliflon and stores thy poak tnvorss
voltage dovelopad acrosa the roctiflor of the
previcua gection. Cousldoring o ag a8 stage of
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3 ; leed current ood loverssly priporiieesi o
"5 ! the ipermency mes thy capasiients, ‘
sﬂ -
kG .

A i .

= : Fgure 1-80 shows too guadregler clreully,
H ; with o poak no-load dee ouipd of B68 B o
§ volta, where L, 18 the vma s~ inged voitags,

E Bach of thepe cirouits may b cutondsd to 2ay .
$ roguired numbar ol elage. )
:‘ ; 1. Ssxles fad. Fligore 1-C8{(&) i o sories-
? fed guadrupler, the pesk invorss voltags of
3 sach rectifier 16 285 B... Tho ponk vollags
3 ncroms each capacitor, oxeept Ci, 1o 2.8%
% Bac; the poak voitege scroas €y o 148 ..
3 Beeh capacitor carries a differcal nstamdane-

cus value of siornaiing curved; ©; has 4,
: Cq s 3, Cyhap 3, and ©Q hns §. For {his
5 rRc05 1t 18 custoraary o uge capaeitor valuog
Iy ol
¥k i )
K @1 2 2133 el 3*@8 =« ’5@5
4
2. Parallel fed. Figurs 1-86(B) oo paralick-
fod aquadsupler whero the curreats through sll
the capacltors, cxcopt €4, are 2l and cgusd
to 3i. Through C, tho curpont 3o L. Tho posk
: taversa voltags of ench rectifier i0 3.83 By, .
R Ths pank voltngen scrosg tho capacitors oro:
3 . ) i g 1,41 By, €5 hng 8.6 Bea, Cs hug 4,24
g XV v . " Boe, tnd Cq han 5.88 Bg, Geoo foahmee of
| ~ D) Fiz. 1-60(B) o thet C; ond C, have com~
2 € el
V| ehelmne
famiost 2| Load 4| Ky
" ) : .
IR 4 T 7;]
R
VY ~_
o oo @
@cc + 1c ;
i -~ 0 =7
! Y 5 - w .
$ s
; T
} Flg. 1-49. Single-phese velirge <Guller
clrentts,
doubling {ench n tokes & capacitors cnd 3
| rectificers), the voltage drop V under a sloady .
i lozd of I smpsres ia® Feck
g + no-{oad
%x V = (/1C) (257)/8 566 £qg
K
whora 1o cps and C ig farads. This sbowy
. that tho drop is dircctly proportions to thy PARALLEL-FED
i - —_— Fig. £-09. Single-phass wollego-eadivples
* Walker, A. B. I, Wireless World, Lny 1648 circulia
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mon negative loads. The common lead of Cg
and C, may be the d-¢ minug lend Jor the
equipmacat, and ground.

Tilters. Singlo-phase rockiFers are largely

‘uged for ewgctroaie circwts + sere smonthsd

divect currenis of 0.1 to 500 ma arc reguired,
Since even the lowest ripple factor is 48
percent {see Table 1-8), a filter must be
provided to smooth the rigple to as acceptable
value. Figuroc 8-25 shows onse ssction of gach
of the filter types in common nes. As a work-
ing guide, d-¢ currents from £0 to 500 ma
ugs LC flters, and currents from 0.1 io
100 ma usze RC fiters. The zange from §§
10 100 ma can uvse oither Riter.

Threa-Fhagp Clrendla

Most medium- snd high- powm‘eﬁ motallie
ractiffer applications use thres-phass oir-
cults, Ong of the major reaszons ig the low
ripple in ths d-¢ outpwdt. For o threg-phags
{ull-wave sarvangement, the ripple is only 4
porcont without filtering. The characteristi-
cally low ripple conteni algo paskes threg-
phaso creuiis more suwinbis for coma low-
powar applications. ko only 18 it cimplag to
ifiter the output, Lut the lack of ripplo indi-
cates that the heavy tarush of curront to o
capacitor lead, zlways trus of slngle-phaco
roctiflor circults, is nol prepont. Although
the threo-phage half-wave civewdt hag the
ldghest sipple of all three-phaes arrangs-
ments (19 porcent), goenerally al} threg-phase
ciroudis nre ratad alike for all loads, regand-
lo9ss of their indlvidual ripplo content. Thio
{llustraies the guporiority of thresg-phase
rectifier circults, cinca the lowest rippls
content available in slogle phags circuits is
48 porcent, which roquires darallng for cpe
pacitor and battery-clarging loads,

Half-Wave. Two three-phase ball-wave clr-
culla aro shown o ¥ig. 1-51, For all loads,

B, = 0.88 By, » N{DV)
Le = 0.580 1,4,
Ripple {requeoncy = 8
Approximate ripple = 18 percont

Ths disadvantags of the threo-phars half-
wave, a5 with the aingle-phass hall-wave
clrcutt, ip that direct current flows in the
tranaformer secendarles. R is goldom used,
with the excepiion that tho iwo cire:iis,
chown I Fig. 1-51 can be uscd togethor to
form the more attractive throe-phase cir-
cult with no direct current in the transformor
as ghowa In the top dlegram of Fig. 1-82

© D-C POSITWVE

&

e aor %
£
iy

oy
el

Flg - -51. Thres-choss half- wave . vults,

Full-Wave Center Tug. The eircwll shows
in ¥lg. 1-5Z (top) Is alog known as six-phace
atar, and carrieg tho aighes? curpant rating
of ihs three-phase clyculis. For 2l lox

Bao /2« 0.78 By, » N{D9)
Top 0 048 14,
Ripple froquensy = &
Approximate vippe = 4 poarecs

Tho centoer top removes stordy drect cupremt
from ths transformer gscendaries. A mafos
advantage of thig circuit 18 ihat the cerler
taps of each transformar ceoondary and one
d-c lead are commea god caa be grounded.

Full-Wave Bridge. A popular thres-phaso
circult {g ghown lg tha boMom dingram of
Flg. 1-53 HNo sieady dirsct curreni flows
in the secomdaries, and the ripple 1s only 4
percent. The expense of a eenler {ap 1o olim-
tnated The d-¢ lowd in uevally grounded;
nono of the transformer secondarion rasy be

- e a -
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ounded, In thiz case . N ‘ ,
; gr ’ Sz @i A §8) ST COWE THREE-FHAGE :
! - Rac = 0.74 By, + NDV) Y, \;Al\ b A SSPY WY ) |
1 - Tee 20,851, . ) r: } ¥ AN memen g7 Gt 0~ 1207
Ripple froquency = 61 N D e me o i 34RO
'~ rd 5 7 - i
Approximsle ~inple = 4 percest ‘_‘ ; ! i B g S omr e, €0 ;
oo ghecs H
Pigure 1-83 shows luree-phnse rectificy by A Cop © O tor omchr ghowe !
tzaveiorma, iy r \ R SR VAT ey ‘
\ﬁ‘,( \.4} \1./ N i =< t
PRACTICAL CONSIDERATIONS . Of =2l | v f2w mobemad e .»
FOR USING RECTIFIERS R ;
NN o waur -uave mecvioeD oF f
Tho following materinl moy aid desiga TRV ST -PHAST i
: engineers to apply roctifiers po that the J g ~OSIOE }
3 reliabllity of the equipment for which tho : T € -oae, i
# davices supply power is not unduly compre- - Rip#e2i0%
1 miged. The recommeniiations are the resuit P . N
1 i : of yew.s of expsrience with sslentum recii- 'A\’ﬂ\’/ YR \?} ngg‘iﬁ&m D B
iR fiers and are arranged so that material ap- LN,\T%\EM P
' plylng to all types of rectiffers comen first !\g” ° 0943 7,
folloved by specific daia on selonium units. b _ Fpoise %

Thare 13 nnl yet pufficiont experiesce with
Fig. 1-63, Wavelorws la ixes-phuse

L2 3 P s S

s 2,

CENTER TAP

gormzaimn evd silcon milts ok as gpecliis
a3 ig possiblo with the oldar msdorisln,

TR f,..-.a._“_-"-‘;‘..em,,. ey

Genaral Recomsmandsiicns

atd

Puttieg Inde Sarvics. ¥ & msw clrouit iB
boing trisd for tho firs! Huse, 3 good gro-
codura 13 to agply 10 poreort of tho valsd
inmst olterpaling curye® ond (o chock it d-¢
voltsges bafore bringlsg v tha a-c vollage o
gormal. & variable gulciransformor is usefal
for {hig prollainsry check. B aley bolne the

R

3 secitfiar # 1k hag nnd bean vwosd recently.
i ENVIRONRIENTAL BFPFECT
; !

Undor pormel oparating ccediticng vecil-
flerz will porlorm as eapscted with lowg life
and no maintenance. B is cmcolvable thst
abnormal cavironmental conditicns will cause
trcubls, Bome of thans are soldowm ancountered,
but thoy may occur. This goction applier fo
oxternal eavircnmendn! cosditions. With tem-
perature, fox exampls, the overloading and
comgeguent overboating o ) pectifier is ot
consldersd hors, but oaly the extornal coa-
Milons of exira high and extrs low teos
poraurag,

LT

JRPURPERIRI J ¥ ORI

Temparaturs., With vory high sad very low
temperaluses, tho difforent capanslca ratee
of the compoacal parts of a rectifior may

L causs mechenical elrsazes betwean tho come
T ! ponent garts. The mawmous silowsble tex- .
Flg. 1-52 Thres-phaose full-wave clrcuiin rorature dapends on the partieular derlgn, .
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Memting, Do mol pd tho reciilers wlsw
a ckosds i 1 io feasible to put theme on tom.
The oxira heat radiaticn and alp cireulaiien
will fisly the recifier 4f 1t 1o ont a the cloas.

Nolo: When o solentum vnlt fnikn 8 Wi givo
efl o puagont odor (hydrogen colemtie) whicl,
althgugh dicagreeable, 18 nol dangersss &
the roor 10 adsguately ventilated.

Cool Bpot. Pul the rec™for in ths cooloct
gpel available, I convection eooling im used,
the rectifior should be noar the boltom of tha
erclozura, with e Warmor eompousnts, s
as transformers, above it. The chimpey effect
will draw air theough ibw olack,

Seusp Away From Hol Componsnis. Do ool
more? rectiiers near componenis which aze
Bot, sech a8 power transiormers oF poves
tobes, Put the rectifiers near capacitors ¢F
oihor comnononts which ron relatively cool.

Vertiate. Bs sure fo allow adaguate vaail-
Intica. mslds @ ciocad omall box ths rechi-
oy wili not be able to gat rid of ity hogl, and
its s and current rating sill bz Hmited by
tha terparature Flea.

Soldor Sulekiy. Seldar all connocticns qul i
1y, Usa adquate heat, bt do not overhast, A
too~cold iron, applied long onough to soldor
il ¢ mora damaga than o qulck fouch with
a bot iron. Alloy of 63-porcent tin and 57-
paresnt load molto al the lowsst lomparatury
¢! the avallable tln-lead sorles, and hag o
gumall plagtic rangs, B is idaal {or eoldsring
cmall torminalo, Yo soldsv ghort plgiatl Joade,
noid fhe lead in the lawe of pllers, with
plers toward the stack, Tihio il hoak the
pliers rathsr than the einck, Use only rocin
{lux; do ot usg acld fluxw,

Humidity., Low humidity i no problem bs-
causs roctiflers work bost undsr this con-
dition. High humidity atlects ths leakage rcroga
i nudaBon, ard 1 the molsiure vonstrates, a
chango In cell characteriglice may cccur, B
io assumed that the humidlly !s nsver 102
poercent, which would bring up the problom
dlscwssed in “Immerslown”’

Immergion. For scme spacial uses, pax-
ticularly with high voltage, rectiifers ano
tmmerssd in insulating oil, Check with thw
manfacturer. No damage resulis from il
lmersion; in fact, the rectifier tabotheoolsd
and ingulated. Howover, frggh or salt waiew
{ioods may sccidentally surround a reciifier.
Frosh clean water iu pot too harmful if the
reciifler is deenorgized and adsquatoly pro-
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tected by patet. Biry frech water ls bnswmdul,
and salt water 1o vorea,

Somled {coleniven) wilto con withtond ima-
moratan. Thr ofly puind o check than o the
oternal faselafien ¢f the torminalo. B cury
thnt o} sower I o roctifice i oF bolome
looking for ervresiow o @ird,

Corzerion. Varlens corresive sgoms aso
afizs progesl o tho iz, Oag of thooe is sal
apray, wileh 19 common to tesirBiationn o8
maring egslpzzent. In the laboralory, sl
spray cendibiens nxé simelnted o terts,

APFLICATION NITO

Soveral gezern! application hints for somie
contwelor soelifiors are given boloy, follvacd
by soms thel suply spocifically to eslomivm
roctiflern,

L Veldngs, Do ol take {or granied Gk
tha 11%-vo¥ Hee ig schually 115 volts, Scwme
loeaMitiag Bave poorly roguinted systems thad
may aunply o o 138 volig, althovgh thir o
rot weual, Ieducisial powor lnes which nxe
320 or 230 may ochally by ag Mgh as 289
at cos - gt ef the day o nighl R igime
portamt .o fesw o madmem slaco veelifiors
aro sangittve o goverce vollagos greatsy
than thalr po2s lavarss raling. Roverse voli-
aga fatlure i2 =0t  gradugd aging sffoct. The
secliflor resy puncwre oF s oxsosave PR
haating 91l ezuzg rapld, or immsdindg, brasl-

2
-

[SapareN

Roverss Rellng, Do rot forget to doudle the
yovores taling rogsirement whon eapncitors
avo uged. Alhough the peak of 130 woits g
184 volte, a hatiewave rociifior used tocharys
2 eapaci! v kas ip witheiand 388 volis,

Poak JeHogws, Unlike elactron iubs reuit-
fiovs, semicorducor recililers havw e
“warmup’”’ tsw. Full d-¢ ouipul voltags is
avallablo as coen g3 the roctliler i consocted
to an f-c souree. H, therelors, the rectiflor
ford doog mol dymye current as soon as M is -
avallable, the fudl no-load voltage will be fme
presced oovess the lcad and aleo acevons a
fitar capacitor. To prevent damage to the
cqpuipment frem guch an occurenie, py ia
sories with the yectifior and thu power lina,
some curred Hmiting device such an &
thermigtor, which hag high celd rugistence
ard lew bot pesdetanca,

Folarity. I ucing elsctrolytic capacitors,
bo sure of the polarily. Conpecting ths co-
paeltoy backward will almest cartalnly damago
iho vectifior,

[ S
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Yure, Glngle~phags fler clroulty using
lagge copacitors wiay profitadly uss & fuss
ia geries. This will protect tha rectifier ia
cags the capacitor ahould shoy™ clrewit, The
fuce may be gquite largs; fuses rated of Sivg
tmes the d-2 load currant shonid bosdoguate.

The following Mnis snve given for the ap-
plHeation of salenlum reciifiers,

helf Life, Roctifiars in active uss will
»otain fhelr ability to block reverse volinge.
A rvectifier kept unused oa the ghelf for
moats, or one used in & ericull with only
forward voltage applied, may loze some of
its reveros blocking abilily. Such cells mayba
veformed in minutes by gradually spplying
thair rated voltage. Thip ia preferably dons
with ag d-¢ load,

Muintenance  , gelenlum rectifier vequires
10 mainienandte, Keep i conl, pid it to work.
However, tho bus-bar Dolis should be chacked
for tightness alter & fow months of usa,

Aging. All pelordum rectiflers change with
age; thoir forward resistance increnzs . This
facier verles widely with conditicas and with
manufacture, Boms cells chango lsas thea
others, bt they all change. Actually o 103
porcent lncrsnse in ths forwarddropis saldom
gorious whon propsr precautions ave token in
elrculiry, Means musi beprovided {oy applying
a giightly higher a-c voltage to ths rectifiesy
to malntain the spocifled d-¢ cuipd voltaga,

Mechardcal Damage. In belting on bug barg,
ba pure thst roctifier torminsi: ase nof
twisted. It 15 good practice 1o hold Lol bHoR
and nut with separate wrenches, 20 thid ne
forquo {a =ppled to tho torminsls, Mounting
bolts and stwds which hold the stack togethor
are correctly set with 8 torque wrench.af
tho fsctory. Do not Hghisn. It {5 poasitls to
crack the contact batween apring washer ant
solonium, ramiering the stack inoporativa.

Brickets. Oo amall colenlwm madio sincke,
ths mowmting brarkets may face the roctifioy
the wrong way; the terminals ghould parhapn
coiss out b some other angle. In loosening
tha -~ut ohird bolds tho bracket, ba surs 20
avold “ovnlag ibe nut holding the and of e
stack. This will prevent breakdng the paind
ceal swhich holds the spring washer sscurely
te the countarelecirode. Cnce 8 glack has
been palntad, it s not possibls to chango the
relative angles of the lermivals protruding

Flesdng the base plate ey crack the selonium
or the comlact between the spring wacher ned
the ecunieralcetrode. Crarklng elther & theoe
will damags tis rectifor.

Paiet Is Not fngulation. Do not depeed gathe
palrt ooating s an Inculator, Speee the colls
away frem condeeting mombars of ol Meds,

Flaw Dotection. Tho connecticas delweca
epring warher and alioy, bolted comsoriions,
yaivl eovoring cpring washers, apd snlenlum
vietes sheould all be inspected simmlly fox
cricky, flawa, and opan gonneciloms. Looge
bolis ara recdily delecied with & foogue
wrench, Blectrical charactorisiics &ocld be
tozted, spocifically the forwvard drop.

Cracked paint uwenally s sericus. Holgturg
will enter veca the spving wnshor ks moved
away from the counisrelscivode, bozmose s
gpring waehar gsldom raturns io 10w originel
proper placa. Mlnor cracke wideh do nod
affec? slecivical tasts can be tovched wp with
saint. Looss bolts 2 sendily dghlemeid

Favisoomant

g

Corypzlon, SaR opray ls s moed Uksly
£ASS & COrvosion

Haoavy palnt coatings baksd o, & oovordd
contn, peoverd salt-spray dumage. ¥ha woole
wedal siracture showdd be propaziy padsied
affer torminals ary conmseled,

washed o with weisy or cavefully B
away. 1 138 reciifier can be fsady
with pweper palnd,® -

Veory gh am!dily can couse corvesios of
mars meinl terminale. Corrcaloan ssay 2isn
ceouy By o poor padml coversgo om
vectifier pistes. Hisciricelly, ths b
sielance will decronse Bolow aw &

vans A faw dggrees
ings. Thly redoces tho ralalive bhows! Wiy ==
heipe the sttwation, Inpome cases, ibe rectifier
may be enaryized (possibdy withomt éc
load)} o Boeyy it wawia and dey,

et o bt

SMot sl patnle are compsibly A5 seembeen
E

o n ceN
Se T T e

Wy s Ay e

- from the siaclk. rectifiars  -deck with e masadacturer.
) fh 2l enpes of stecliles) tosta, o
Do Hot Besd the Plalea, Thiy wepecially shoudd flret be completely dlecomnacied §
applics {o the large plates tn power macka sreoctstad elactrical etrenit
- 45
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SERALEY

B a ructifier showy siges of corrocten, 8
showld oo claonsd thorgughly.

Brugh off corrosiocn. Check electrical chag-
acierlstics, raverse cupsoo, and groumsd
test (inpulation to gromsd). Tossh up nny bave
spolo on the yeciifies plrtes,

Band and Magt. The clreslation of sond and
Gusi must be considered withfan-ccoled recti-
fier upniig. On a much grmaller scale thaw
cangdblaghing, forced-ale coeling removes sus-
facsa. It 1s posaible that tho dust from foveed-
air cooling may bo corroziva.

The leading cell sdge of o salonlum stacl,
witere adr flow hitg fira, should be carefully
ingperted. The shiny paint surfaces oa the
rectifier plates locs thaly smoothnessz ond
ghow 3 rough textura. Undar gavereconditions,
the bare metal will show threugh,

Lar»s particlos in ths sir olromm can by
trappad with 5 mechanical fiter. S8mall pay-
itcles can bo siimipated by an elecirical pro-
cipiiaticn methed

Paim may bo touched vp whare bare soots
chow nr where the surizes {g badly sroded,
Unless corroglon s also presani, 'bho elec~
irical tesis should show posmal,

Vibration and Shock., Vibrallon is o moso
or less continuous to-sod-fro motlon with
relatively low amplituds. Shock ig = vory
heavy blow which soldomt occura. Eitker can
damiage = rectifiey. Vibration at 8 najural
frequency of a stack mechasical structure
will bulld wp 2 resonancs condilfon. Ehook
ts somewhat the vame bocauss afler & heavy

blowz, ths re~tifler vibrateo at g maturad
pericd for Hs geveral astursl poricds) of
vibration.

Thes results of vibratic
cracked saalo between co
gibly, oiher mechanlcal dams

and shock arg
>etlong apd, pos-
a

Baock or cushion momtings ave coflen do-
drable in pieventinyg vibration or shock
Gme sovere Casep Indicate mulliple-ched
agsemblics ghould be used rather than the
elngle-stud construciion. I goneral, the als-
mbvumn bage plate for selealum iz bettsr thaw

L)

tho slleraalive wwe of heovier metal basy
plates. Selenium reciifiera with z large ares

cootact are belter equipped to take vibraiios
and phock than tho smallar arven :lleow acg
germaciya rectifiers,

mary e iy whers fungus growth {s g
¥ Alr Forcs Comtencl ATING16)-S704
8
£ - -
et R >
. AP Rme—a 23, M =S e
" e L .

Alr Pragsure. As 8 rulo theve ave gmall
adr pockets in selenium rectiier siacks; fog
exampie, between the spring contact washop
and ths ecuriarelectrods. Undsy pevesre con-
dtlang, o 7 g doubls novmsnl atmospherie
pressurg, tha.: alr pochksts may oxpand e
controgt emough e bpeak e paint seal o2
thz wasker and counterslectrods, High-voliago
rectifiers {cf 5000 volts or over) may oxiubi
corgma affects ot oFy low alr precsuxa,
Becouss of the ; sence of ozone during
coropy, thage effacis ace glmilse to corresion.

Vi 4 incpoction may digcloss R ailscly
of alr proscurs, 67 4 crack {8 tha bago plala,

A harmecally~-zealed yochifisr, designed
and tgsted for the anticipaled slr-prosgurs
rangog, Wil pod have alr-pragsure trovblom
Anocther prevestion meibod io to place th
sectifior in o container ¥op near atmospharie
pragoure {plug oy winng 2) parecnt).

Muclear Radlaticag. Theroars many poasible
radiations to consider. Tho commonts hars
are tsniallve ard sublset to veovision ag moys
informntion booeamigs avallable., Bombardlng
iky vectfying moterial can eaucy daraay
ibz clectrieal proportien I 1o oxpecicd Bt

selodum will be oaly olightly sifectsd sincs
$8 iz »ol pobearily dspendent on o glogls

crysial glivetare, a2z are sllcon and gsre
manivgs,

Tess data reporied 18 Fobruary 1037° indie
c2les el selenium pectifiers puifor no par-
ranent dameze and are legs barmed during
sadistios than are germanivm ard oilicon
vectifiers, Tho latier unlls sulfsred changas

ta raversy resistonce of srovoxdmeafely two
erdera of magulteds, 1t should be romembered,

- Bovraver, thal the {nitlal rovsres resislance

ol glilcon cells 1s much grester than thet of
felentum or germanium wisa

A standard elecirical test rhould o mads
of both ihe Torward and reversd charscier-
fstlea. A detector may be used o indicate
covere radloscitve eficcta

Sunghine. Ruce 2 photovollaic cell can be
made of sclenlom, 15 poasible that powor
voctifiers will chenge characteristics due
o suntighi. The resullant increacs In loakage
is ugually nr Yiglbls,

Fel, ¥ oa {n tho Unlted Rates, thoro are
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problem. Fuagl grow most readlly oa organte
materi~ig such ag fssvlation, byt aloe grew oa
‘paint suddacs: fud pa ipily dirly bane metal
FRrlaces.

Fongiedde fodelcs ano clandand fov egulp-
ment used in mony pavis of the world, Tho
usunl rectifier palt (baked o3 i gwvernd
coats for sali-spray resistancse) i covesed

. by 8 fhwglclds varsich., Afler bave mcial

terminals are conmected, o ﬁm@éi\é&a varshin

may b2 applisd to thom also,

There io uo gatlsloctory methed of o-
canditioning once fungus growth hao talien
plaece. There may ke vuceen or wdolseled
damags to ths reclifior. R i muveh oder to
replace the wmit with a new one, N 4o goscible
o remove fungus {rom conmeciing bo "2 and
cables by meckanieanl brealiag,
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tronle oquipmaent. A power supply bullt arcund
the vibrator eliminatee the need for s genera-
tor o dynamotor whare only modorate amounts
of power ars nesded.

The advamages gatnsd by using such an
apgproach to the mobile power aupply prodlem
{vibratos

are good efficlency, swmall size
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power supplies emm be bulll into the agvem-
bliten they cnerglze), ight welght (4 to 8 walls

- ¢! gutpt gower pov pound of weight), quiet
cpexation, low <o0€l, provisiem for different
cErt voltages, small smcus? ¢f radls intepe
feresce, ease of replacement, and d—¢ voltage
setpts up o 1600 volis. Dlosdvustagesinclude
gy valiage regulntion and $ho necessity of o
low-operating  temporature.  TT2 sbscluts
cramimum femperature i aboud 85 C and the
smident temperainre zhould ngl excesd §5C
for oog coatact lfe. At low lemperaturer, the
vilwator will temd o warm Kool v, and thus
wibzator e 0 5ot affecied.

The barle gloments cf the vibrator nre aa
clectromagnotic coll and a2n armature that
carries a et of contacts (gee Fig. 1-54), Ap-
glication of the proper drive voitage creates
a plectromageetie ficld that eaurss the are
rxfare o owieg iz one direciion (o contact
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Flz. 1-84 Vidpzlors are reedes? in size
and welght, 128y ba sealed, pormitpaug-is
testallzlion {P. B ¥Mallory & Co., Ire.)
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one of 8 fixed pair of ecoducis. In ong CowVGH-
fional circuil, this mollom oper- 2 ead of cone
tacis in corles with the drive coil permitiing
the electremagnelic Held to coltnpse. Spring

lozding o the armsture i fho opposiis
direction and exrries B to the ol whoro 8

eloses oo ke pecond Bwed costact, This aclicn
continves i eyclic fesidon as long aothadrive
voliage &o applied. The frequercy of sparclicn
ig 2 compound funelion of the srmetur, R8s
and tvaverse, oprivg teacies, and elscive-
maguetle Mg denslly.

Tho moke and brosk sctien of the counlnels
nterrupls tho applicstion of power to the yei-
mory o o step-up transformey, Tho varyisg
flux Bukego, which resulis from this cyclic
interrupdion of power, lvduces 8 Lol Xy
winding wollage of a megiiuds eet by ho
tranaiormer tums rrdlo. Reclificntion of Hds
Mgh voltage alternaling currort makes svall-
able droct current for plalo oporstien oF
Tacwam dube ages.

Tio princioal sse of vibrolors i s aubs-
moekdle madle spocelvera and clbay seoblls
communicaiions eq ipmeng, bl in cdvilinn
and miliiney nopliceiiena Vikrators ame ssod
ia othoy spplicaiiouns cuch as clgnaling ogsie-
sasni, ulirsviclst rooneciing lamips, oo
Golger comntars, The vibrator, withia Hapowor
ratings, kas proved ie be s saflgdaciory way
ol oMlabmtng Mgh-wolinge divsv! curvsoe? fros

v vollage drect coresst dor sdveds of

paivements in the plecicical egulp-

opttoum  porinemasso
eraploved =ith proparly duslgned tyaan-
{oymars, progucly selocted Indigy capactiarg,

2%

Wnan

<

and other circult coagponsds of Qs power

oupply syslor.
TYPER OF VIBRATONRA

Single Wlorrupler

The moot wiversally ssed vibratow circult
is tho simple {ull-wave intorruglar tllusirated
in Fig. 1-55% This wnll f{uncilong eagen.
tially as an clectricaliy-driven singic-pole
double-throw gwiteh, cansing curvent fromibha
battery to flow first In oso hedf and fhoain
the othar hali oftho center-tapped iransiosmay
primary. The frequercy of the altevnating
voltags snduced lu tho secandary {s dstor-
mined by the rate of primary clroudl fnlows
suption. Thisg socondary voltage may a rect--
fled and filtored ia 3 coaventloaal manpor 3o
sepply 8 htgh-voltags d-¢ outpul. The bulles
capacitor serves lo minimuizs the buildup of
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. Flig. 3-88Csgle-Sberruptsy sihvalor vl traasforeor, seclifion, & (iten .
racier? Eissles collasme wils roovitant natng the synchivodms rectiles, oxo mida of
gpanides Devess tho intervusisr conloeis by the socondory NMyb-voltege cirvewdd must bo
foedmy tho cocemdary clveni? to provida a Toed commor with sae side of the baltery. In addle
that mgears mece n2arly recislivs & fw thon, the polarily of the MWgh voliags will B9
grimmyy. The egle-lulersaper vheotos i3 doluvrunsd for £ given rosslormer conEats
& ¥ 4
commenly refarred 0 98 3 nonsyechrooeus Hon by the polarily of the battery, Care saws
. Cibwaew, Ba takem to ohaorve (e poiarity o the bakiery
and Yo mearking on e syochronsus vibzater
wes aliing an lostaiietion,
Tho Seell {sforreg?ey I8 used vheve boavy Roveraiblo Syvchoeecns Reolifier
. capaldiitias aml dosg mevien
His sve moofed. T THig in clmply the syschiontus veclifier
iz 8-58, sre nsed fo sus Y GRpEe wired in ouch 8 minaney st o Ssolvad Wgh-
grisaaries of & sposind ERnRE- volisge owipad polasity =y oo oidsinad poo
v, Tho sdvsstegs of Oy duxl dsgeryamloy serdless o which pols of fhe Laltery io
Hitizg e primary eovesst yognired prowdal  Ap shown is Fig 1-88, 8o ¥
9 gl of eordnels, Fie beedor may be testalled (o otthay of fuw poste
flens, pormitiing wither posities 1
cuipsd withowt altering (e sxdstag b
k ground polesliy,
v reriifies ag Roetiiloy
1 ropding 80 primacy 6o volbngw e pess o o] the spdi-reed syschronses reelitor
3 fiftey e seopedary s-¢ vollags {sew ¥ig {gee Fig 1.58) pormile elimisatien ¢f #w
) $Y). DoemdSally, ths syacluteess reefifler eomimen conngctlon bsbwetw the Mab-voluge
i niag 2g & drwepla-pole devbis-thovw swilch, windlng wed the sowpwe woltage Wufery., Thae
b faed 2 comjunclion wihk 3 moltable fwams- primary asd gecondary oly m pHise fadle
H formay aad ow-pasg BY 2, R losvas o oomme vidual reod pogmente, olecivically irmalaied
i tlzls gower gach for mwhile sppdiceiions. ka from amch other bl mechanically coanectod
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3 The intarregler actlon 1o that of » double-pole Shunt-Coil Comnection, Ia the ghunt-drive
i doabde-throw aviich without common electri- circuit, as showw in Filg. 1-80{4), the colf
1 j et conmectienia. Thie circueliry cormits fap- is comnected acrosg the armatine and ons :
it plag off below-ground potentials for Maa pur- coatact, and the coeslacts ars normally open.
1 i poseE, When voltage in applied o thy circuit, currs 3
{ ] flows from the battery through caa-half of the
% b I}f_\ér_}g C‘Lre*.,dgg transformer piimary, e driving call, and .
i { back to the baltery. The field of the driving
h.? Two metixis of connecting a vibrater drive coll pulls the armatwiy to the ... unil! the N
: b cudl have Deen accopted by the Induatry. Thare contacts close, which mhort clrcuits the driv- )
. are hogle advantages to Dodh typen and ey fng call and pormits 3 much larger curresg
¢ soe ussd In about egual quantities, to flow through the ieft half of tho trans- :
. 1{ 2y
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{former primavy. The mowmcatum 2equired by
the armaturs causes it to swing past the
.5 om of contact closure, carrying the fixcd

Sriving octl 18 oo shoet elreuited, there is
no foroe tending ¢ hold ths reed to tha left,
13 sprisgs back, o, ning the contacts oun {he
way e=d then closip - the cther pair of ¢on-
tacts. ‘Fis closure ssymits & heavy current
to fiow through the right half of the primasry,
which more than balances the weak current 13
the left kalf, and the cccond helf of the eutpd
wave iz stavied. The armaturs continues i
owing ™ e sigit past the podnt of closure 6
{he wigt contact palr, thon reversos, and
rtarts a new cycle, Tha frequency of vibine
tion is determined principally by the matorial
ond coamterotica of ths nrmaturs,

Tha shent deive has fho discdvantage of
allowivz the drivicg-cofl current to flow
through ore-half of the trawsformar peimnry
widle e load eurrent fows through the otiioe
nald, whieh rosults o an asymwmsirical voltage
vmve. Thia {yps of vibrator is used exten-
glvaly in automodls vadie gpowor supplios
kocauss of its low cost,

farics-Coll Conneciion. In ths gerios-drive
cirewit, the driving coll i3 coanscted diractly
acroas the d-¢ supdly in pories with an oxtva
pair of rormally closed comiacts, The actioa
iz axectiy that of tha convonilonsl doorball,
Bnorgising the ccll pulls ihe sarles contacis
apart znd broaks ihoe coll current; whoreupen
tha armstucy speings back, the coatacis ro-
cloae, =rd the cycle repests. Tha saries-drivs
eircuil is shown in Flg. 1-86(B). iis prin-
cipal disagvaniags 18 thy slightly greatsr cost
of the acditional palr of contacts, but the
soparetion of the driving and load currente
and B2 gresztor ease of adjustment make i
uccldedy preiorabie 1o the ahuni-drive iype
of vibrados.

Mousiing Rothods

Vibiators are usually packaged in cylndri-
cal el cans with contact plns at one end to
permit plug-in ingtallation god removal. Gome
vibrater bases it standard S-pin octal or 7-
wn mislature tube sockeis Soveral typss
require specinl gaockets that are vasually fitted
with sgeing clips thal map into embosssd
grooves in iw can wicn tho vibrator unid e

tugged tn, In otther caee, adequate means
* o7 holding the wnit in ths sockel is required
teoorewess Mo from workdng loose becauss od
its own vibratiow or because of externat
(?h\?ck'»
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| puntect sloog with 4% on (s spring. Siuco the
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Drlving
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(& _ D.C.Supply

Trongfovmey
orimery
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Driving
coil

[ Primgey
centacts

o
& 0.C Sepply

Fiz 1-200 (A) Swet-drive clrouil,
{2 Sordes-drive cireall.

Tha cea is Mned with 2 rezlllent aboath of
sponge rubber and the osancciicns from the
vibrator 4o tha Lass plng are made with floxi-
ble wire so that tha vibssior 15 mechanleally
jaclated froms the csn and 8w chaosds, Ths
can s go Geslsmed that iz ~tural vibratien
irequency 1o reincle fram thar of the vibrator,
Mony vilivaler cans merely provids mochand-
cal mid dugd prolection for the vibrator, bud
hermetically sealed fypes amm avallsble fox
usg st high atiliuvdes and fr uninvorable cH-
mates. Vibrator walls may be moanted in oy
position.

Large vibeators mro wewally mounted fa
réctanguiar meial cang thal are cften pro-
vided with ¢wo tubo bases on the boitom of
tho can. Tao uvee of two L.mes, suparatea by
a few Inches, providea a much more rigld
stpport fhad eza be oddzincd from a singls
base. Tho wibralor is wwally izelated frem
ke can Uy rubber shock mouata, The cang
may or may ol bo hermciically sealed and
may be mounted in jay posidon,
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Life Bxpectancy

The Mle oxpectancy of 1 vibrator 10 gen-
orally the We of itc comlacts. The comtacts
are mounted on fint stesl springs that allow
them to yleld agalngl impact oand to help eling-.
tnate bouncing, Contoct bouncing is kighty wn-
desirable becauce it resulls In iwefficier?
oporntica sud greatly chortens the life of the
contactis. Contacts may fail either by barning
or by mechanical vear. Jondzation of th2 con-
tact metal leads io pittiog and, evantually, to
the generation of hoat exfficient to weld tho
comtacts toguthar,

The slight gliding of ano contact owver tho
othar, which resulis from the resilience ¢f
the opring, helpo to heep the contact guriacen
eloan; howevor, if thig movement i8 too great
ft will result in emescive wear &ad chort
comtact lifa,

In an emesgency, o vibrator that has fntled
becauge the contact ooaciey hag bees cuceg-
@voly changed by burnimg oF woar may be
repaired by roplocing the contacis aed dreosg-
tng tho surfacos smoob.

Intoria rence

The vibrator functicas o moeke and /wexk
iko application of direcd current to an ‘=fuc-
tive load. Ths wavelorras of tho yozuifing
vellagso and curronts are mors noarly rec-
tangulay than glnupoldal. Theee wavelorme
206 vory rich lu harpiomics and are capable
of producing a largs azesunt of radio inter-
tirenco. The vibrator momdactursy provideg
internal shielding betwoem olements wiihin
the vibrator can lto mistialze undsslresd cou-
pling of signals by slectreeiatic and electro-
magnotic means. It g wp to the oquipment
design engineer to dsvise mgang for prevent-
ing intsrference thal esiginates within the
vibrator from jcopardizing cporstion of cir-
culty external {o the vihwator. This moeane
sidelding and filtering leads into and eul of
ths vibrator to prevesnt coupliry harmsaslc
comnponents {rom the eycling contacts, through
tha leads, io othor stegrs in an equipetcsd.
Most! frequently, ths cource voltage receives
& superimposed vollagy ecomnponsnt at the wi-
brator make-broak rate that s carried to ali
parts of the equipmesi waing this supply
valtago. Frequently, this primary power low
must ba given gpeclal treatment to fsolaiz it
from such urdesired signal components.

Cumparable Dovices

The vibrator power =pply s profesred
over the dynamcalor and tho trangistorised
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power supply whers initial coxt lg a8 required
congideration (ses Tablc 1-9). R is cuporioz
to the dynamctor from the matutensnco sland-
noint, although it io inferior in tRis respect to
the transisior powor suppiv.

Undar ndverse climatic coeditiana, the vi-
brator powesr supply ic superior to tis dyna~
wmotor, whick is ishereslly suczoplible to
contaminaion by salt spray asf ‘uci-ladem
gnviroamonts that attack its commpdator and

brushes, Sparking at the bruches ma%kos the

dynamotor oo hazardoug to be wead in ez-
plogive oz volstlle atmesphersa,

The electrical sificlency «f tho vibrator
powar supply (40 to 75 parcent) is appreciabiy
ligher than that of tho dynamctor {35 to 68
parcent). Tie vibrator powar eupply, owever,
iz inferior to the transistorizcd povor supply
in this respsct, The vibrator puzor supply
cohnot gcideve tho voltage regulatiem of the
dynamotor, whivi g prefervad in spplicaticns
raquiring low-voliage and kigh-cowrest owt-
puts, Dynamotors are oxcessively hsavy, and
thaly ues in airborne applicaticas gensrally
involves a cvostly compremiss {a tevrms of
wolght sccursulation, Dynumalors €2 20 pe-
quire a8 muech low-frequoncy filtorizg a5 o
vibrator pover supplize, bt they create &
formn of redio interference thatigvesally much
harder to eliminate thaa the bash o the vi-
brator,

Advaninges

Ths vibralor powsr suply peasseess the
advaniages of belng & compact andleexgenslve
meoang of colaining moderate quavtiias of
powsar {rom a storage battery. Ome . ilo ox-
cellont features les in ths comparative eago
with which ## can ba meds to supply goveral
differgnt outputs simultanecouely. One gueh
commerclially available supply dellvayn, all st
ths same tms, § ma of direc! curren? g
2500 volts for =# cathede-ray tubte, 5 ma =2
150 volts for biss, and 100 ma % 3% volts
£~ plato supply. Ths whole wnit wolghe 8 10 §
s-andB and opsrateg from a 8- o 24-volt

battery supply with an officlency of 50 f0 80 -

porcent. Another advantsge {s that shics a
vibrator supnly {8 composed of & member of
small, mechanically independent uxiis, & can
be built into the same anseembly to which f¢
supplies power.

Dizadvasntagag
Tho vrime dlsadvantage f the ibratoy

power supply Hea ln the difilculty of regulat-
ing the oulpat vollags sxcem by tho wse of
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_§ Tabie 1-8-—Lomparison of BC-te -DC Conversion SyMema
¢ Transistorized Vibrator
- Characieristic powes supply power supply Dymmobcy
’ Power range {watts) 10-1000 3-8400 5-800
Eificiency () 75-90 40-78 PR
? . Regulation; (5 Wormnt, B-53; | 80-38 8-
. s with roguta-
tios, <14 -
inpet voltage (volts} 1.5-32 1.8-118 897 1]
Rax oulpul (kv) 1.6 1.6 1.3
Kax No. of outpute Unlimited Unlimited ¥
Storage ambient -B% to +93 -55 to + 128 -53 tn o128
{temperature deg C) | {at mounting
plate)
Operating ambient -88 to ¢ T -8 to +1568 55 to+188
{temperature deg C)
Operating 1o Excellong Poor (361005 Qoo with -
howrs)
Watls por poend Ry 8 i3 . @
Cubic {nchas pap <1 8 1.6 ’
wald
Ovorlead protection Can be tadlt in | Roquired Reguired
Operating maln- Nowe Pericdic vibmmioe Pariodie cervies
temney replacement ragulred
Btorzge mainlenance | Nows Nous Parlodic corvivg
regulned
Radio {cter{eronca Negligibla Yos Yes
High altituds Bealed Besled Spasking
opzraticn
High Mumidity Saaled Bsaled Fusceptibia o
offects corpcaion
High sbock, vi- Hegligiblo dve | Contact assemdly Brozh bounes,
bradien, atcol- {0 no mIoFing suscepiibie to arpeaturg sug-
gration parts damago abd erratic | ceptidble o
erformance darmgn

cowparatively inefficlent ssrises-tube rogue
lators In i~ cutput leads. Power vonsumpdoa
18 Incroasad in hoating the catlodss of recti-
flar and regulator tubes; this power {s usunlly
supplled by ths vibralor tranaforraer. Tha
ugeful Ufa of tho vibrator itsslf ends with ths
ond of contact life.

Power Capatdliliss

In termws of powsr output, vibrators are
genorally divided into two classsz. Small vi-
brators of tio automoblls radio clusa usually
bave 1 single patr of input powor-handling
contacts and caa handle powers up to aboul
50 walls. Power up to soveral hundred woits
(400 walts continuocus duty, 600 watts inter -
mittent duty) can be supplied by tho so-calied
power vibrators, which usually have soveral
pairs of centzcts, Tho input currort must be
divided equally between the several palra of
contacts, elther by cccurate contact gotting,
by equalising resislora or chokes, oy Dby
multiple tranasformer primaries vdth a sepa-
rate palr of cowdacts {ceding each primary.
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Tha method using oo equalising wealRoss
giveg the bost rectifecstios oy a-< onlpdl
Cold-cathode gas-tube reclifloy fedws are
particularly muilable for ueo Al vibyziors
and roquire o beater powes.

Rowor-to-Welgit Rafle

Tha welght of a vibrzior powor segyly vatiss
betwoon wids Umiis, dopending spon 8o ro-
quired output, nwmbser of outpus, Gegres sod
typz & filtering, wsibod of prclagieg, nad a0
forth, Qutpuis of {rom ¢ to § walte pex pond
can bo oxpected from wees! types of udts, A
moderato lncrezns in doslgn {roquency matog
posaible 8 saving of wolght throogh sdyslics]
reductioa in the required {ranstoswes slze and
also by simplificstion of thy AHevimg problom.

Voltage Hegulation

The voltage regulation of a vibwafor power
suprply {3 approdmately 28 to 25 poveest for
a-¢ outpud and 15 o 20 percesd for s-c
outpud.
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Coatact Frequency

The freguenr ' of most vibrators is set be-
tween 100 and 123 cps, but there is 2 trend
toward higher frequenciss. Several types of
vibrators operate st 180 cpa, which permits
a weight saving in the transformer and filtey
of about 25 percent. Vibrators are also mas-
factured for operation at 400 cps; but becaure
of the difficulty of obtaining clean contac’
make and dreak at this {requency, contaet life
fg currently less than satigfactory for moal
apolications,

OFPERATING PARAMIOTERS

Mout effective npplicatlon of vibrators iz
ottained when proper allowance iz made fox
their uwnusual properties. Some of thecs prop-
ortios are “senscsd in the following para~
gragha,

Time Clogurg Vactor

The timo clegure or Hms efliciency is the
ratio of the Hme ths contacts are -lesed
during .the interval of one compleis cycls fo
the iotal tlme of ons complsls cycle. B lg
vsunlly oxpresesd as a 2 cimnl or parcentage.
Thip valus varics with different manufactus-
erp, with salecled dasign Irsquencies, and
wth aging of the vibrator, Tor hMghost efii-
cleacy and bost vesulls, it suould bo Xept as
large as possible. Pressnt-day vibrators
bave a Ume eificlency of 0.75 to 0.95. The
valzeg usad in calculating time efficlency 22 a
functicn of tetal cycle interval are ilustrsted
in Fig. 1-81. The istervals T, and Tyare
seforred to as tho on limes; Intervals Ty and

>y

= Ty

—E, Time —

Fig. 1-61. Occillogram illustrating the valses
aeed fn calculnting time efficlency of a vibratos.
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T, are cailed off imes. The foymala for -
brator time efficiercy is

T+5
Tg "’"TS *?rl;?; &ﬁ
Timing Capaclisncs Lt

The timing or buffer cagacitance in &
vibrator power supply funciioss to increase
vibrator cooiact fo and prevest the genor-
ation of dangerously high tranalomt potentials
that miglt eause breakdown of typnwformer
inguiation. ’

In a vibrator power sumply, tho vibeaior
cuntacts make and break ths connecton of
an induciive load tothe d-¢ gnpply. Unhiadarad,
the imduced gecondary voltag., .!~h in hare
maonics, €an assume a magritede that will
break down the transformer imselation "nd
cruge severe arcing ot ths vibeztoy contacie,
To conirel ihese high induced woltages, §
i necegsary to coanect & capacitor of propsy
valug scress oo of the transfonnse windings,
This caparitance combines with tho effeciive
Inductance of the tranalormayr windlng to
form 8 tuned clrcall 68t is est in ghock
gocillatien &l cach opoming of o comtacla,
By propesly eslecting ths wales of cepecl-
tance to wmateh the trsasioveior eand ibrador
charactericiics, ths resullisg cocilintlen can
be made 20 porform ths cvoofal functien of
reversiag f:. induced voltage, muahing it co- -
incide wiih the voltage npplicd fo the tranas-
former by ihe closlog of thoe vibrator con-
tacts (s s succeeding balf excls. The valuw
of this Haaipg capacllapce o wery critical
and mugd bo selected with paricvlar carg
in regard to bDkh the clrcif and the vibea-
tor meoch!sm.

Wg =

The valxe of capacitancs weguired is in-
versely geoporiiosal (o the sguare of the
voeltage amd deponds upon the coTe matsrial
characteristics, the vibrator frequanvy, and
the comzci-closure izctor. Foe low {nme
voallages, 2 larpe value of capacitance is
needed. Fiacing the capacitanes in the seccad-
ary clrcwii permiis 2 reduoctisa in valuo be-
czuse «f re higher volleges encounigrc.
To aclieve z practical-sircd capacifor, elag-
trotytics must be used; bud since this type
of capacttor has adverse temporaturs charac-
terlatics, 183 wge Imposes voltage andtomper-
ature Lmitations. A capacitarce closs to ths
value to give the correct {regwency of vocil-
Viea for 100 percerd clocars 18 given by

HL . (1-%,) x 10° /8 . ¢
Cp = — —————— [ — .
&N, 18 X,
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where Uy o lenyth of megnetie path in inches
R ihe vzlue given by the BH curves
-for the transfonnesr being used
at the value of B corresponding
to the woltage B

W, = vibrator time efficiency

E = highest battery voltago*
I the capacitor i3 to be placed acvoas the

primary, theg
W\
CP = Ca =
N

»
Varlation with Age

Vibrator {requency decrgases with age.
The contact-closure factor or Hming effi-
clency also decreages becpuse of contact waar,
Proper componsation requirss that tho Hming
enpacitor value be iacreacsed comewhat abovs
the valud needad for & new vibrator,

Ap the vibrator contacts wasr, s, ten will
apporr superimpoesd on the voltags culput
wave, Thees epikes reprezart hgh harmonic
tranglent volfages thet ary ndded to the high
output voltage daring no-load conditons. The
resulting posk voltzge may pumeturs the capact-
tor insulation wlcsthe solected voltago roting
incorporates o sxiedy factor.

13-Volt Circults

In designing oirewits foxr uze with i3-volt
or higher power sourcss, 2 phenomenca io
encountered thz2 iz nol psovaleni in 8-volt
circults. Ii is seferred to as starting flare
and {s capabls of deslroying vibrator contacts
very rapldly. Eimritng flare resulls f{rom
gaturation of the vibrator ‘ransformer oz
the start cyele, which canses an sbnormally
hgh primwy cwrsent to b3 drawn. The re-
sultlng arc scroaw the contacts is extremsly
hot and highly destructive. Several mathodg
exist {or overcosrdmg this (nitial action. The
most practical of thage i3 to dosign tho trans-
former with sufficiemt Inductance in the pri-
mary circui and o use a buffor or timing
capaclior to insore rellable starting, It is
alee common practice to willze an additicasn)
capacitor {n the gecondary circult to provige
the proper Hnilng far the vibrator. The pri-
mary buffer capocitor 18 selected to mect
the starting regairemcnts; the capeelior in
the  socondary cireudt serves to tme the
vibrator circuit. A varlety of clrcults cur-
rently used, asd tacorporating buffer capag-

*Appiication Uesige Note, ADN-9S, 31 Octoder
1955,
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fKtoes fn transformor scosadary circuits, io
showa 1n Fig. 1-83,

SELECTION FACTORS

Saleciion «f tho proges vibrator to be eeed
in decigning & circudt recuires a comparativa

evaluation, of the commoenly available viber- -

tor types -that will most offictently sceome
modate the dynamic losd conditions o ha
anpecied. Selecton of @ vibrator should in-
corporate a suitable safely factor. The chddce
betwoen an interrupter amd a self-rectifylng
vibrator should be made according to ths
typas of cervice dogired, the operating of-
ficlency necessasy, and the Umitations of
the varicus vibraior maechaciams themselvey,
The selsction of 3 commsicially availabio
visrator is otroagly reccmmended to tako
advantage of the emensive eavironmental axd
rollability testing cuch production unils re-
coive and fo simpMiy uiimate replacema?
of tho vibrator i, Tho was of mpocisd
vibratorn desipmed for wusummal spplicatices
should be svolded. Buch vibrators are scd
roadlly svailable from common gourcos and,
in soms cases, i special featuras may
involve o comproamies of overall operaiing
afficioney,

Tho following {tems chould bs consldersd in
the celection of & vibrakr for aay clreu#t
application,

Input ° Litnge

Vibsstore are normally rated at inpul volt-
agos 0f 4, 6, 13, &4, 38, 116, or 220 volis de.
Circult design gbould bo nimed at sccommo-
dating cms of thass conventionzl opersling
voltages, 1 shoudd be notad that such apeciiie
vollazog zre » “‘wl values aod that asscel-
ated with ea- \ higher asd lower voltags
at witeh the wr will eomtinue to cporais
satinfactorily. Jzample, 8 §-volt vibrainy
should exhibit normal oporvation when drivea
by as lnput vollage raaging frem 5.0 to 8.0
volts de. Bpeclile values ars given In MIL-V-
95A for tho S-volt and 24-vii vibralor typss
that reguirs normad oparaties over the rangyes
5,0 to 4.0 ard 14.0 te 30.0 vous de, rompec-

tivedy.

Whils it {s possaiblo (o uss cod vibrstor for
tvo adjolning inmi vollage vratlngs by ues of
appropriste remigtors, the deaigner should
sot aftemp to uillire one vibrstor for morg
thon {wo such vollages. Instgnces have been
encouniored where a vibralor was uged to
oparaie periodically on 2uy oas of throo dif-
farent lopt voltages. Tn ali cases, operafica
and relizbility wers ansaitslaciory.
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™g. 182 Badffer cepeclior circulls commesly
od with tronsformer cecondary whndings
marican Televigioa £2d Radio Oo.)

Curront Heting

Ths inpd curren? raiing of a vibeailor is
seducad ap tho faput voltage s increased, osd
o vibrator car be axpocied to handic much
locg curroni at 24 wolis Lqpui than st 6 volis

In judging He fomd curvent hasdling sbility
of « vibratogr, the manuwiacturer’s radings

ghould ba ccmsulwcl The input cursent asd
voliagee of sgoma ropresentrifve vibrator
powor suppliss are lsted tn Table 1-30. Tie
eloctrical satinges Haled {livsirale the char-
acteristics avallubls In vwibrators and B ge-
lection of owiput power levels prozided by
commercially packaged vibrator surailea

Vibra sior Pregoency

The coaventicnal operating froguessy of
vibrators s 115 7 cpe. The designer shordd
uze a vibrator of {his freguency range when-
ever possiblo. Wille special {reguencies bave
bern used, such depariure from the couven-
tional {requency ramgce 8 usuaily tsteoded (o
cerva other objectives, such a3a welghd re-
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dection In sirbomme oquipract or {0 SCCOK
modate Nwmitotions in the selociion of othap
componeats. Such departsre from the normal

tremmymngsammmmmp“ytm

numbeyr ¢f eources svatlabho fus fe
unita,

Temparatury Ranges

Commorcially availobie vibrators will give
sutisfactory performance over 8 rangs of
tsmperatures from -55 to 85 C {-87 & 188 F).
Tho ouee of vibeators beyoad thin temperstuse
range will reszh ip suhatmatial compromisza
of reliebility.

Socksts and Sociperes

Vibrators are suppiled &a a variely of baze
arrasgemonts and coclocure cicss, Vibrrice
loads ase brovgil o to plg-tni} loads im
coms vnita; it on advanlege in tarme of fe
tHonal clrcult flexibility is eciieved by tes-
mingilng tha vibrntor clezewls in socket ples,
which vormit plug-in inEallalon, removel,
and yeplacoment. Sovaral typleel aelng oo
figurztions sre ghown v Fig. 1-83, Al els-
cult elomesis are ehswa i’mpl iy &ejeing
coll, mince this is nol sovselly lnchedsd ir 2
doplay of basing avvasgowsnin. Mogl come
mgicial wibralorg aro cowvemtyated in ii‘:@s
types, which are designsd Go sull the priny
sargs of appiicatlon neods Yo facilitsta pro-
coremen?, the doElgn aegizzer should kesp
thegs Randardized Hems im K104,

Q.*‘ st Voitage

B ehould be borne im wad that e oulmg
voltage of any vibralor power supply is =
funciine of the o officteary of the vibratos,
the turns ratlo of ite vibrafor iraosformer,
and the foed, togethor will the officlency «f
the rectificatios mepra The vibrators of
variue masudnginrers wil vary In tit::s
efficteoey, depending wmem ihe machpnteal
comsiants el the devices The dealgn enginees
shotld ilake meticulows care in seeing thng
rvepreseniative vibrutors fxom el pofential
sources are checked ia hig clreull and shod
kseg i mind that 3 specide vibratoy deu's
ty overcoms ¢ clyculi eeficiency genor: llgf

regalle  in  impaired asd Lnsalisizctory
performance,
Altiftudo

All vibrators of curremk mondacturg ore
ioteaded {o¢ uso at altitedna wp to 10,000 a0
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Table 1-10—Electrical Rutizgs, Typical Vidzator Powar Sopplies

(A) 110-Volt A-C Gutpet Typs
fpat Cupo? voltage Power cityd
— {volis, ae) {(waRia)
: Voltago Curae T
{voits, dc) {amp) Coativavss Intormitiowd
6 8 810 b3t} 0
] 9 i1 2N &
8 16 119 <3 Y]
] 15 10 [ %] 55
8 2% 310 €0 -1
6 25 118 13 128
6 8 118 183 178
8 0 159 £8 166
e §8 119 ie2 175
13 3-1/3 119 2D B
i2 3 113 €3 8%
3 7-1/2 116 3 8%
12 10 110 £5 00
13 12-1/3 110 163 125
13 30 815 350 173 -
13 28 110 00 380
13 13-1/3 110 188 133
13 3¢ 110 26D 250
28 é 110 &% 100
28 3 - 110 160 159
28 7-1/% 110 160 178
28 1¢ 116 268 230
33 3-1/8 110 2 ¢ 180
& 3] 310 125 150
33 7-1'3 139 180 268
b5 16 152 238 a1
110 0.5 119 ] &
16 0.8 138 7 ¥
110 - 1.1 136 180 19
110 3.9 116 158 980
110 3.9 113 258 5
130 4.0 11@ 3R 473
11¢ 4.5 i1 &8 &)
116 .7 1@ 15 05
116 4.8 139 30 500
220 0.8% 119 1% .3
26 k.4 118 25 cul
230 2.3 119 423 80
{5} Righ Votzgs D-C Oslia Type
Bput Catpad
Valizge Carresd Volisge Curres
(valts, &) {2mp) {volte, o { )
8 ] 9500 102
6/19 18/9 s pat ]
13 4 s 100
L &/18 N/18 509 ] 226

Thene same vibratora mey be ueed sk oy
altitede when loval pressurizaticn e wead o
malptain an aunospharic prese v rargscem-
parsble (o that encountored between pea leved

and 10,000 fcst. Tha rostriclan o= ailiicds teading to pull tha case apart,
57
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apoiications in derived {som the foct that the
vilvator is zesled 8 gen-tovel stmospheres
w=d, when operated In redwed atimospheres,
will ba subjected 10 2 dftorentinl of presaurcy
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tary equipmeni. Operation at 8 or 34 volic
only i8 coverad,

The limitations in design and constrection
are outlived and the materials perwissibie
are tabulated. Complete test proceduras sxw
described that cover dielectric strongth, siart-
ing voltage, dynaroic load, molsture rosistance,
temperaiure cycling, .ibratica, and Mic aging.

& e s R L

Dielectric Strength., For 4- and 34-voit
types, vibrators must withstand without dam-~
aze, arcing, or breakdown, potentizisag shown
in Table {-i1., The applied voltage chall be of
commercial-line frequoncy, This voltage must
not be applied across the driving coll.

TR T

S e i

Blectvical Rating. The periirent sloctriesi
rating values for the §-volt vibratoy are shown
in Toble 113,

e

Seal. Vibrators shall be Immarsed ia any
a’abls tath maintained at 80 to 85 C for s
peried of at leagt ose minuts. An altarnate
mathod of tect may be used to determing satia-
{actory soaling, provided the metiod i proved
to be equivalent to thai gpecified heraln, Cav:
should be taken nol 1o mistake hubblos eanoed
by snlrapped alr around pas {or bubblescoms-
ing from the can. Any vibrator that ahows

Tsile -1} —Dislectric Tost Volage {RME),
* RIL-V-DS&

Zreen To can connecled
pis {opins

b —

Volts

3 R 560
% 1,87 200

5 1,87 500

8 2.6 589

iz 1-83 Typlea! vidrator basing dlrgraess. _ .
Rems \§) and (18} fealuro pig-tall leads; (38) ¥ 4,8 §04
{erminales In solder lugs. AU others haws b . S

it ne b

secket pion los pdog-lo insiailatiom scd o -
woval Tk 1-12-~Floctrical Nuting, MIL-V.§34

; Fragueocy 115 2 7 cpa

: MILITARY SPECIFICATIONE

i Rated oput voitags 8.3 vdc
MIL-V-93A 16 T2 : 53, yatory

Inierra t%‘ﬁiﬁiﬁifﬁ?s%&g{iﬁ Yibretari, Max gt curcent at

herrupler and sell-Recillying rated tnput voltnge 6.1 ade

Thin specliication covors luterrwger sad Bax thout voltage 3.0 vise
. seli-rectifying vibradors, designed to ogesate
i fram a G-¢ source, for uwso In arocivorse bMin tmput voltage 5.0 véc
. sguipment. This in a general specifiestion, .
i ~ bt it aleo provides valuable {nformation con~ Doty cycle Continuons
cerning the mitntmam porformance valves re-
quired of vibrators intended for wss n sift-
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avidence of leakaye may be given remcdial
treutpent provided evidence is cubmitied ¢h
such remedial troatment 1o adoguate.

Tempsyaturs Cycling. Vibrales .. ¢ o=
gmired to be subjecled tw the temperature
cycle of Tabls 1-13 for & tcta) of ftve cycles
performed continuocusly. The vibralors ahall
e held 2t each tempevature for suificiesi
time to allow all paris to reach therinal wia-
bility. Vibraters shall thes immediately bs
placed in a suitabls toot circull andenargized,
They chall thon be evalused for nosmal og-
aration.

Moigture Resiaiance. Vibrators shall be
{sgted in accordance with Mathod 108 «
Sandard MIL-8TD-202,

Yibration. Vibraiors shall bs icsted in se-

cordanca with Methed 201 of Randard 3UL-
FTD-208,

Shock. Vibrators shall be tesied in accond-
ance with Method 203 of Standard BIL-8D-
203,
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YNARMQOMETERS

The dynamotor comblnss an slectric mdor
and a zencraior In one unlt, iba invut powewr
coming from 6~ to 28-voll batterles. &
dynamotaors have an ausidary gs-c cuipex.
Tho d-c voltage cutpuls range from €.3 volis
for tube bhertarg or fllaments to severnl
hundred volte for plate clrcuits, A typeal
dynamotor 18 ehovn In Fig. 1-64

OPERATING PRINCIPLES®

The coustruction is suvch that both (he mo-
tur and generator sections use the same {ield,

* Purttons of this toxt and Figa. 1-6%, 1-08, 1-8%,
and 1-68 are {rom “'DMroct-Current Machinery,”
C. & Slaxind, McGraw-H Book Co., Iac,, 1832,

O et Ak IR

Table 1-13.~Temperaturs Cyels )
for Ac eplanc. Testn y

Tenparabare
{dsg C)

8675

Btep

| 1

38y -

3
3 -38%% :
4

25y

which i3 uwsuaily cnoerglsed by (he prizumecy
power sourca. Thsarmaturs windings for both
the input zod ondpol sections, aithough sleg-
trically independsnt, ave wound {n the sawms
core alcte, The motor (Inpwk or primscy) sec-
Hen provides wechanical drive {-- the arme-
turs. The pgenerator f{owlimid Gx secowlary?
gection gonarales vollage eg {88 arinaturs
winling turns pazs throvgh ths magnsite Asld
and cui the fug Unes. Ths basglc arraagamest
of a dynamotor 13 ghown In Flg. 1-64

Gutpui Voltngs

In many regpects, s operation of o gyna-
motor {g gimilar to that of @ motor generatos.
Tha output of 3 motoy genarator, however,
can be varied by control of ths gonerster
field, The d4ymamotor ussg & common field
£0 that the cuipat cannot be controlled {n thia
manner. Ths rstio of the ouipwt o inpd
voltagen of 3 dyramotor 1s fized,

I{ a constart input voltage 13 sppucd to &
dynamaior, the feld strength will de prec-
tivally conslaat, and the armaturo will rolate
at a gpsod so ad to gensrTate » back emf in thy
~ntor winding about equal fo tha input vedi-
g, .:88 the IR drop. Tha ratlo of the cuteal
voi.2ge to the input voltage can bo reasansbiy

|

R JUPARL AL PAL

Fig. 1-64. A four-commulztor dynametor
with ¢ad covers remored.
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Fig. 3-6% Basie arrapgessent of a oogle st
and owtps? dypamclinr.

raprosenied by the vato ol Bw twe induced
wolingos, tho ouipt voltsge ond o beck emd,
ERA ?.iza armainrs moler sud geoarstor
windings ars zoizfing oo the zama srmaturs
&t the same rpm W the same fleld, 4w ratle
of ths owmml voliage o ¢h2 ionsl velingd o g
oongland equal i thy ratio of sfleclive tammg
e gar srator asd meatlr wiadioge,

Varigdons 0 lozd enrrenl samee 99 arma-

> : g 9 goneruds
sriaticn. Thy tegvd g
[ ~;izm§m§;a pensats for fMs torqus
: by deaw tn~ move oF leng v rekt 5o
28 1o mainisin 2o rpm to give copsdem Dook
end. Plaregasrding 1R drope, whe volages

15 2%

g

A drsp in lop volinge couses 4 devm I8
feld sirougih sad 1n hack sl regsinemssl

VISP S wses -y ;:33: e -

DN R i 1 et 8 TR €D SN ra e

of comporndlng. Flgurs §-88 showso ths ree
%aﬁoasb&p batweon speed and oot for the
thres types of feld windings. (1)

Thy wpeed zegulnilen of these windlugs 10
éxtermined by the amour! of orgue produced.
Ag 1n zmy motor, the devaloped torqus 45 2
fimetion of the fleld ux denalty and the cuy-
vemd in the lopwt armatuss w‘ndmgs. Filgure
1-87 shows the volatlonahip bs. seen lorguo
and srmaturs current for the mrca types of
field wirdings, and Fig. 1-68 shows the speed
va. lomgue charscierisiics. Berilos lield wisd-
ings are ect uaed alond ia dynamotors becaves
f,&f a rsswlbmtv of renaway under no-load

Ripwga Yollage

Rippls vollage tg gozerally i to {-1/2 por-
cont of the outpul woltags. The major couses
of rigpiv are:

1. Mogalation of the log voltage io ks
Held wi. Engo by tho Iapsd commutator. Sipple
{requenty ls opesd {spe) Umos one hald i3
numbar of segments in tha ingud commutstor,

saformity of ho pormoabilily of tha
eirovi. Ripple fraquaney is egual

orilon o the Dax pattorn becawss of -
¥ & sld sivweture. Rippls frogueney

. N
eally o aligit évop o s Fez ie, Aa 2 ~Moximom safs spoad !
CORITUDBIR "‘” 95&‘ i -]‘\ 3’
S >
the ouipw wltage dron i \
3 Tarposss, s empm s AN !
LY mlated by 8 treesfor § :
A the ¥mo of marafscng, ! N
1 : Ssvigs !
Vi Vaizgs Regulaitcos s:; XA "‘1‘«-9\31"%!} o o
: } - - J :!h‘Un' .\,,_“.-‘:‘“I“"“.“‘\ lrn,‘?%
tg VoReye regulation of 8 dynamodsr 0 ""“‘"“:\1‘:\9\; facd )
. tay p ———-—-—~—-.......~._ N s
; fanctien of losd ranges fross LS I S Yy «
N 2 ‘ % .l" ’\t' . ~
: 3t ols a frcton & copper lomass "\d f,l‘ ﬁmﬂ:ﬁ Qdd pesd 3 R\\"f -
2 spesd-load charscterietic of the B0inY (.\i‘i"’ . pee i :
H Hon. As thw load riscs fro : s ;
LE maxlmim, iscrmsing t ; i
; caurn proportiosately 4 - t -
i o T Minimum sofy foad -
b melarg with shond- scand \k‘ds ¢ m.i‘\i\\ Hi‘k‘; h / B ! ”
stosd varistien {rom no-losd to faldclomd, 2 g Roled ho! =
¥ whils ecitos-wosnd flelds it ,N ismature f‘f ‘n.c:aggq pi -3
; ritate B8 pcM witch i aigrodmately as ¥ o N L
e faversn funcloas of lexd The apaed ¢he o 0 . i T
! actaristins of dysamelors bl cosnpons HE QUTRIN N
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iz rpy Ymes the mumber of o.ots in the
Ermaiin,

§. Modalztion of the ouipwt voliaws by the
ouiput ecommutator., Tho freguency is rps
times w05 Balf the nawber of segmente ia the
astout €8 WRE0R.,

IMW

The dynamctor is usually mors elficler
then comparably rated motor-gonerator st
for thes2 reastas: (1) the dynamolor, having
only one srmsturs, has lower mechanical
Iosees, (3) it hes coly one deld loss, and (3)
it has supsricy commuiation due {0 compen-
gating couniermaynetic fieids producaed by the -
input and cultpwt windinge.

For & given output power rating, the dyna-
motor wolghs less qu. occupies less space
{valume} then its motor-gensrator countere
part, This is possible because the dynamotor
can have emaller alrgaps, lower sxcitation
currveris, &nd smalier field structures.

Dynamotor loszes can be grouped into ro-
tallag and olecizical cotagories. Rolating.
lossem ave made up of bearing, brush, and
air {riction (windagae) lossos, Blectrical lossea
are due to coppor Joszes in the srmature and
field windings and iron logzes, With the
s weption of flald losses, which are conatant,
ail dynametor losscs ipcveaso &s the arma~
tuco apead increases, This relationship is
shown in Fig. 1-69. {3)

TORQUE LB-F7T

Roted §
i A
m‘:/

ARMATURE CURRENT iy

Fig. 1-8Y. Armshure currsad-torgue characteor~
tutics of dypamotor priceary windings.

SPEED, RPM

TORCUE, LB-FY

Fig. 1-88, Bpeed-lorque charscleristics of
dynamolor primary windings,

Dynamotor sfficisncy is aleo a function of _
o rated power cufgut a8 shown in Fig
1-70. The curve ghowe a rapld drop in ef-
ficiency below 80 watts output, This chape
acteristic may be stiritated to iess-them-
optimus design paramseters commonly uzed
in the smallar enits;, and to the fact that
winding issulation occugles a lervger pecw
centage o the copier epece.

BRUSHES AND COLIMUTATORS

Saveral factors widch influsnce brush op-
erstion sud iife are lneal operd of the cow-
mutator, brush spring peos,are, corpeat
derwily in the brush, brush temporatuve, the
coefficient of frictien between brugh sud cous
mutator, and brugh and commutaior me-
teriale.

For dynamotor opersticn, ‘o ZArst thres
ftems are lavasiant, gince they are tetorminad
at the time of manufncture, However, it should
be noted that the actual curremt density wiil
be asomswimt gher than the denuifies cal-
culated from the physical cvass wection of the
brush. Betauce the brush cross section wig-
ally doas nol fudly costact the commutstos
surface Sus to play o the brush holder ami
datortion of the holdar supporting siructaxg
under stress, the bruah fuce frequently hes
a slightly longer radius of curvature thay (e
mating commutator. This resuits in &lg-
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tions will opocily noo-ave-teacking bruch
Tolal logs, holder {neulating mateeial,
tow voltage brush friction- / o yrnator Saclree Film
High woltage brugh friciion, Commutafor favieco Filw  ~
1 ren toss The ecominter surface film, which ig
Bearing friction dcveloped afler a short pertod 7 wss, i8
g ond windage —~ peobably the o3t jmportant single facteT
e affecting brush operation and itfe. Whes o
- clean new hosed apd commutator combinatios
iz @2 into operation, the Mghly polickad
wiaces are in lofimate contack, Yido eon-
tact may b3 8o ciose that the guzfacss in
ths area of comiact are subject io selzurs
ar walding, cauced by the strong altractive
forces of 8ho ouriace atoms, Sirce thsoo
foreec are cifective only within a vory shorg
- ' range, & bovadary flm of separation is veu-
SPEED ally adequale {0 reduee the effecis of theso
Fig. 1-39. Losses ve cpeed relationship for forces by plecing the surfaces owt of thaly
typical dynamotors, - offective  vonzo.
nificantly reduced cominct area compared *o 8’;;?2 mr
the nominal brush contact area. Highor cuy- :
vent densities cause higher brush opsrating \m
temperatures. The current flow from the
brush suriace to the commutator divides latoe
the several paths 23 shown in Fig. 1-7i. {3}
Theso paths are (a) the ares of point-contac,

{b) adjacent areas in which there ave fves \ !
pasticles of earbon, graphits, copper o othos s, int contacd
conducting dust, and {c) the open gap, acrons - j Point cos

which some current will flow in the form {L ~~~~~~~~~~ .

of an are. Arcing over the open gep, Y 4 Frew particle contecs
sunificiontly imlense snd prolonged, will da.., s P e o o e PR,

tha commutator surface {ilm, and the affscis

of this damaga will be reflaciad in Incrsased / e a0 0 .

brush wear and poor overall brush perforra-
ance, pasticulariy at hgh atititudos,

Brugh performance can alzo be affectsd by

arc-over on high-woliage bruah holdera This Fig. 173, Zalsrged view of brush-somisutates
i®s ceuced by brush doel attracted and held infexface. (Hattonal Carbos Cou)

by brush bolders made of are-tracking ma-~
terialz. Such arcing resulls in comyldete broak- .
’ 7 the lmeulation, ! nosed pocifica A mormal almospherie pressurs, thislubcl-
down of tn o PO . cotlng bowndary film ideally conalsts of akb-
& 100 zosbed moishins, coygen, copper oxids, and
't::; carbon. Ths oxygen and water ars derived
ad 90 from ithe aimosphsro, the copper oudde and
o e 80 carbon from elight high-temporature vapor.
b r fzation of the byush and commutater surfoces, !
5o~ 70 e wainty a8 3 rosult of arcing at the brugh. -
z5 60 S R v et 000 comssutator fnterface, and pastly from mg.
W & A chanical friction. The lormition of a satis. .
Q 8 50 factory swisce films on 3 new commutatop
g} 40 1 i may require 8 rue-in period of from weverns
0 408D 20K0 240 320 400 minutes to sovers! days, depending upon byuch °
; ~ - hardeeas, intorince temperaiures, lneal spaed
' RATED QUTPIIT,WATTS of the commutator, brash pressure, and olles
Pig. §-70. Efficlency vs «.tod oulput for tygi- factord, On soms brush-commutator comid. )
cal dynausotors, natlons, U o curremk density i® teo low, o .
&2 - “4
; b
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commulator fHlm oy net form and, in fact,
oxigting fllms may be dostroyed. When thic
bappens, particles of copper thrown off by
the commutator may canse commutatar thread-
ing (grooving of the commutator surface by
fine paralle]l Hneg} snd the bruas svrface
raay extibit eopper picking {smail pasticles
of copper ewmbedded u the face of the brash),

Brug’ Weay

R iz dfficulk, §f oot impossible, o pin
Zown ho exzct causes of brush wear, dlnco
ol the factors involved are mors or I8sp
interrelated. Other than the comautatye linend
gpeed and brush pregcure, brugh wear de-
pends upom the coefficlent of fricton be-
tween the brush and the commuiator. In
turn, the coefficient of friction depasds upon
brush temperature {reiated to curscnt denaity}
oed the amousnt of waler vajor ood Grygen
presens (related to altituds),

The rate of wesy of a Hrush {for 2 pagtic.
vlar brogh-commotator combination aud el
of oporsting conditicns} wiil be affasted by
the brush praessuse. Proper brush prossure
ic 3 requigite for bosl brusk parforsmapco
and Wee, Wio rangs of salisble proscuros
for a gives mzchine in dotormined by the
type of bwegh, Uw lood to bs handied, nnd
peripheral spoad o tho commutater. W brush
pregoure 18 ioo low, Loporiect commultatien
will rosult, causing oncisoive arcing with
resuliont dazmage to the film and uvedus brush
wear. Eacessgive brugh prossurcs produce
wanscessary {riction losses and sovere woar
on both the esmptator and brush, 3ad way
even comgw magchenieal instability of the brush,
At low pressures, elecirical wor predomi-
nstes wherens at Weh pressures mech: lent
woar i gresfer, Figure 1-72 shows thig
characteristic for am electrographitic brugh
rithoogh a eimilar effoct may be obsorved
with eny boush type, except for a change in
the ramge of oplimum pressuras. (3) Whea
38 new brush 13 first installed, the bruck
pressure is Iaditially high due to maximum
compresgion of the spring as woll ag the
fact that the brugh is not properly seated
witll 2 guitable re-in period has transpired.
Ag the brusl wears, the pressure decreages,
Brugh wear beyond the point of minimum
pressure {when the spring has beon axtended
to the permissible limit) will incicase xap-
idly. To keep the pressure from ialling too
low, #t is wusually rocommended that tho
brush bo replaced when worn to bstween /8
and 3/4 of #s original longth. Brparience
shows that the pogitire and negative brushos
do net always wear at the game rate. When

RATE OF BRUSH WEAR

BRUSH PRESSURE

STaciricot wear mng%«zcﬁwi‘:ry i

Tdomingnt T jrengs [ dominest T

Fig. 1-7% Brush wesr pate = byuch groeause
for &5 elecirograghitic bross,

ihs brwah oxhbilieg D2 grealer wwanw walo
hae reachsd the Bmil of parmisdble w07,
1 i3 edvigable & repdace bolh brushes £5
that thay oparabe, 20 =early 5o pos
mdsy e sema pregzune. A fuvibs
for zepincing brughes v polrs iz io svnd
sy brughes of dleminaller wmoterials ¢a
the same commiwvtsior. The filus lormed Dy
gome brugh matorizis will act se an sbragiva
for othar brush matdriale. Tols situation bos
bazn keown to reduce brush o by o wxy
sgh factor.

The other aspect of brush wear, coafficiesd
of iriciion, ig dopandent upon the formation
and wabteniion of & suitoble commutstor swe
face flm, For a given brush, the cosfictomd

L of friction will be a fuaction of tha brash.
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tomparsture, as ahown in Flg. 1-78. {8 ®
should 3e noted that tomperatuvres are nud
uniform over the brush facs betause e
{omperaiures dovelopsd arg functions of fizs

030 ]
e

//

COEFFICIENT CF FRICTION

60 80 00 120 40

BRUSH FACE TEMPERATURE, DEG ©

¥ig 1-73. Brush vear rate {coelilciost of frie-
tion) va. inter{ace tempersture “or an electro-
grapbitic brush. (Natioas) Carbos Co.)
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curreat density f\né meehanienl frietios, Wort
ationo v current denglty are due o
cncs in the rading of

commmator, aa shooyp
st Empereibhee v““
iag ig fowed i ¢ oxciEw
graecively lawor tomnt
pardele and polad-voniici 20304, wunvsrasly,
the lemgsraive disiriotion due o mechanicn]
irdcian shown the bighest lomgpsrature
the poini-contact mone, with progressively
lower tempesaiurss in ?h{-—w fres-particle ang
arcing zoues. Mezsuroment of e memdinsl
temperatures ancribable to both sources
any ous point has never baen undsriaken with
any cuccess, eacopt 1o eotablich ey ths
brush temperatures aro xe? howogeacgus,

i 2nd
Hava She
B

e

aauy: of

Although the exact rolationship (1 eminte
between the cosfilcisnt of fricton nnd the
rats «f brush wear is rarely sxplicit, &8 ig
renconable 20 assume that bruoh wear vl
incranss as the friction botveen commuintop
and brush inereupes. Figers ' 74 nbkows thio
ralationship for on clactvographide brush,
Por thls reagon, guy imtorfercnce with ihe
commutator gurface Alm wili kileg abowt
ap lncrouse in the cositizignt of friclion and,
theralora, the rate of wear. Since Mo com-
mulatoy puyfece filra 1 cosapocsd of coppor
oxids, earben, water vapoy, ang onygen, any
conqition which removes any one of thage

1.0

<
)

.

© 0o 9 o o O
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BRUSH WEAR IN. PER HOUR

o ©
- ™
owcy

OO 01 0203040508 o7

COEFFICIENT OF FRICTION

Fig. i-74. Brush wear rate vo. coefitelont o
friction for an eloctrographitic bruch.
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Tremaister surfvso B ore swhfect to
usteriorstion by atmwgﬁwxie comaminants,
wilch are called “commutator poloong, ' Theng
pologns ued oo veduclng agamio sad tend to
roact wpon the melsille conslliiroms of tho
flm; in oufficient queetity oy will dostroy
tho filwm, Almost say ceganle compound, sole
vem, or corrosive vapor will cporale upow
the film, facluding acid fumesn, ehloring and
other halides, tobaces omoke, earbon telra-
chloride, paint fumes, ond Wrperiire, alee-
hol, and oil vagors.

Tho offecte of those pelnoag vpom thy mupe
faco 8lm ig inwodiale, sevese, oud suirined,
A steildng oxmmplo of tho offecta of casbsn
tetrachioride was cbsayved wien this oole
vent wan wged some dlelante nway from &
dee msching. Prior o ths ccowvronse, thy
moasursd cosfiiclont of fricton ef tho brush-
comramintor combination vng swiably low,
g within  minuios ofior tho centnlnes of
solvent had boou opencd to o alr, By coaf-
fictent of fyiction doubﬁe«i Titkdn )1@ winuios,
iths c¢havactoristic brown mirsey polioh of
ths commuiator bogau to ebsw saw siroakn
ol coppor and bacama gresved and plited,
Ths wpoliched puriccesn of the beushes bs-
came roughonsd and exdibited preasunced
coppor plcking, This condition semsined {or
gvey 6 bhourn, although ths carben toira-
chliorids had beon im wgo fov osly o fow
minstes, During thess 8§ howp, ths rale
of brusk wear doubizd, This cwample is
particularly aignifican? bocsuss carbon totra-
chlorids 18 commanly used as s groass &
vent. As 2 nole of inlosess, moyy motor
mandactaress frows umw ths practics of
ueing thiz solvent upon oF Bear a8y Come
mutator {or alip-ring) typo maechine, Te-
bacco smoke in squally declzuctive; juet a
puff or two will doubde fhe bwesh Iricticn
{or gevural minuton,

Conamutator surface fllreg may b9 affected
adverssly also ¥ watar vapor & OBYRem 18
removed. This may occur of Mgh altitudeg,
whera the concentralion of water snd omy-
gon < croacss. Flgure 1-76 shows ths change
in wear rate vergus altifuds. Exporimenial
ovidence shows that the e e of water
vepor and oxygen {n tho film sido commuiniion
by a lubricating nction. Whan & commutotor
is oporated at Mgh sitdtudes, toso lubrl-
eanta are uo longer pressud in suificieng
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quantities. In addition, lnerensed srelng cauced
by the decrenssd preaguro sdversely affects
the wear rofe.

Tha ndditicn of como metallic halldsg te

tho brush hesg boemn found to increnss bruoh -

Hfe ot bigh saltitudes by promctng the fox-
mation of o flm with alightly dfiorer! con-
stituents, but eae that io egually offective ng
a lubsicant. RBapjum fuoride (Bak,) hao
gainad favor f{or this purpocs, and the brush
wear rate for a brugh oo impregnated i3
shown in Fig. 1-75, The nwout to ba addsd
is determined by ths asliltudo range. Baperi-
menis have iodlested that adding botwoen
5.8 and 7.0 poveont barium duorids will
enhancs high aititude porformancs; ths brush
in curve B of ¥ig. 1-75 had § pareont addsd,
The datz ghown in Flg. 1-75 ip all the more
significant mnce the effective oporating lenglh

of most brushes io 1/4 16 §/8 luch,

A proposed gpecification for alsvorse ap-
plicatlons roguires that at 50,000 fsot no
brugh shall {24} before 386 hours of opsration
and that the avorsge operating We priny i
brush {allure, i any, of all dynnmotors tested
shsll b2 rot leos thar 500 hourn.

ELECTRICAL PROBLERMY

Flashovor

H an tnereacs in cocondssy cursonts o
eapld engugh 3nd of suificloat mngnituda o
dlatort tha vaagnsiic field arsundths avmature,
bigh frangient vollagus may bs produced bs-
twean adjncent comuautalor 2ovmonts wideR,
fi Mgh onough, will load to Unehover. Th
normal potential &ifi.ronce belwesr ndincant
sogments (for s pglven output voltans} wiil
incroase as the numbsyr of ssgmonts of the
commutnior docrsages, Tharefors, ths Ukeli-
hood of flashover s greater with cmsil-
damoter commutatoss (having lewns woge
ments) comionly fownd in smsll high-spsed
units, Bustained Oachover will esuvss eaw-
bonlzation of nearby insulation, and will eventy.
ally rosulf in fcial fallura. For a glvem
load, flaghover is moro lkely to gcoww af
high altifudes.

Corons

Corona g 2 comBig: oteurrorce at kigh
altitudes 4§ high voltages nxe presgomt of
points having emall redli of curvaturs, Gucd
initlated, corcna will bo susialned unfil
fonlzing potential has boan rodeced cudelen.
tislly bolow the clazting veliago, ao showw ia
Fig. 3-76.
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Mg, 1-78, Brush wear yote va aideds fop
{A) Normal brug snd (B) Bruch {readsd with
varfum  fluoride. {(Note: Commwintor epocd,
braoh prosoue, eursot danafty, holdeeactands)

Tho offects &l covona aro wanldssled in
two ways. Cmo oliect 1o o doterioralien
of tnsulntion in o vielnlly of ko ¢lochargo
drs {0 tha production of angno. B3voro epmong,
¥ pustnlnsd, Wil coups earbosisatien ef ey
orgaale materiale peose.

A eoqcond offcct of coxunn o mnulfeeiod
%y the propuwstles of radisted emargy B
& brood spsctovm rarging from 10088 cps
o over 1.0 Yo o2 voltagos wp to "90 mw.
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Fig. 1-78. Rsoprosenintive curvoo of the eoronn
affect at high allitedes. (0} Corona staritng
curve. {13} Corenn crtiagulshing snred,
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Although hig scpect of corona has no effect
upen the dynamator itscld, the radiated energy
may «ripple nearby coramunications equip-
ment. :

2-F Bolw>

R-T noise generstien i wm aggravating
dymanaotor problem. Such molze is produced
at the brusi-commutstor interiace where com-
inwation produces sparks. A pecondary sousce
of moisa, brush bounce, 18 caused by vi-
bratice or commutator eccentricity. Brush
bounce tends to Mt the brupk off the com-
maiztor surface, tho offects becoming more
pronounced as tho armaturs speed increases.
The apactrum covered may range up to 200
Me, both conducted sl rsdiated. Thz noise
intensitr increases ax the> oulpul current
incepas 5 intensities up to 2500 microvolte
have besn measured. The conducted noige
level ip much highor than the radistad level,
apd tends to peak tatwesn 5 and 16 Mel
Tha eonducted nolge level may be seduced
by s:hisble fiitaying. The efiects of radiated
enorgy may be minimized by sultnble ghiald-

ing, facreasing the digtance betwoen dyna-
meinr and the equipment troubled, snsuring.

eaceilent yugtal-to-metal bomding of the {rams-
to-momnting structure, and connecting small
micz capacitors (0.01 to 0.005 wf} aerons
cach pair of brushog,

& wecondary rolvee of w-{ noles may be
found within the dynamator armature. Tho

armaturs ghafl ends are pormally lnsulated

from the frame by a film of lubricant., Ths
armatore core and shafl oy budld up 2
atailc charge due to the Tgh oposds znd
the capacitance that may exdel boiween ihe
coxo ond the windings., When this potential
becomes bigh anough, i may are through
the labricant. Thie form of zadiated cnergy
may be avolded by using & grounding brush
conpected botween frame and shafi,

Nelge ¥ilters. Spacifications fov inductora
and capiaciiors for r-f {iltering are included
in MIL-D-344.

MOUNTING

OUynrmotors & commaonly wmounted into-
graily with the equipment for which they
ars furnighing power by means of ¢ither
wrap-arcind siraps with belt holes o5 mouni-
ing feet cast integrally with the {rama.
U & dynamoior is to be mounted ditectly
upon an equipment chasals, it is good practica
to Drace the chagsis beseath the machine
to prevent chassls distortions dus to the high

P

W emeans L e e ma SraeTR TRt a o

welgig per-cq-ft commen {0 thoks componsid.
Further, because the dynamotor iz 5 rela-
{ively beavy compoasni, it is imadvisebls to
vgo shock or vibration isolators {o isolate
the eguipment frowi the vibration produced by
the armature rotntios; the proforred praciice
13 to {solate the individual compoaents from
tho chassis propor, and t0 mowsy the dyne-
motoy flrmly o tho chnasis,

MWost dynamotors ves ball bearing srmature
cupposts. Thago beurings sre primarily de-
migned to support radial thrumts oaly, be-
causs the dynamstor gemerally does not have
an external mechanical load which might
produca other f{orcea. Therefore, the dyns-
motor should be wounted 50 as to have the
sbafl amls as close to horizontal ag possibie.
Whars 2 wndt may be subjocted to external
vibrafios or accelaraticn, the sheofi axdls {8
best positioned pavi-ndicular (o thesy forces,
go that loogitudl,  armnture molica cennod
sistort the end caps (or bdolls) which cupport
the bre’ -5 and shall bearings. Ead cup die-
tortloa may result ia damage o the commu
iator swziacs filin or machanicsl intorisrence
with ag zaturo soiniton,

LUBHKATION

Dyoamotors are {reguselly suppliod with
senlsd bearings and may nad requira solubgric
cation ¢uring thelr Hielirae, Thoso unitg thal
do roquire paricdic lvbrication may uss gresss
nrogeribed by BMIL-0-3378, Grease; AlveraR
and Ingirument (For low and kgh tempora-
turea). Undev this spoctfication, s gresen
suitibdo for low-iomporature use must be
capabis of permitting & 204K Convad type
B-bali bearing ‘o compiels gne revolubion
withln § gsoconds af ~60 F with not moxre
than 2600 gm-cm of torqus applied. The cholco
of lwbricant for loi-tempersture uss can Lo
dotormined, 10 some oxient, by the type of
mit o bz Tubricnted. The tsmperaturs st
whick the armaiture will commsnce rotaiicn
26 b amblent tesaperature is increased
from vesy low valusn with a glvan type ang
grode of 'obilcant will be lower with units
of larger wze. The reasus Jor this behavier
ig that dynamctors with high oulput are fre-
queadly compound-vound, with series windinga
capable of producing high etarting terques,
wherens small unlis usually have only ehunt
windinga,

High-Tomperature Lubricaticn

Tho cholcy of lubriesste Tor use of Mgh
temparateres will be determined by the maxi-
men lemperature (o be sncouniored. This
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chcics i not aimple, gince the sawe lubri-

.cant must Be suitable 2i low temperaturea.

The problem 2xsts of obtaining a lubricant
which wiil not solidify at -85 F, but will also
b capable oi surviving a4 tempsratures as
Mgk ag 253 F or higher, and whick will
not vaporize nor condange upon the Commu-
tator. - Recent developments using synthetic
organic compounds clagsgified as polyalkylens
glycola have shown this group of lubricants
tc have low pour points with *be additional
advantage that high termperatures do not canse
carbontzation or solidification. For this rea-
gon, they may prove satisfaciory as s vehicle
for dry-type lubricants such as molydenum-
disulphide or colloidal graphite. Anothsr ex-
yperimental process, slectrolilming of the hear-
ings, conslets of spraycoating the metal with
3 microgcor‘c layer of graphits-metal which
is then baked at high temperatures to pro-
duce an intimate bond between ths coating
and tha metal bass, BElectrofilming ia ad-
vantageous bocause it avoids ths {rouble f
poriodic lubrication and the vaporiging ef-
{octs of lubricania.

Mintaturizod donamolors tend to operaio
&t higher temperatures, putting additionnl
stradn on the chossn lubricant, A mmple
meothod f{or determining the efficacy of a
iubricant iz to monitor the input current
to an unloaded dynamotor opsrafing at the
doegired temperaiurs, Any ggnificant incronse
{n current 12 usually indicative of incressed
Irtction due to lubricart fallure.

TEMPERATURE RISE
AND DUTY CYXCLES

The temporature rise of a dynamolor is
always gpocifled {or a particular duty cycle
and maximum ambienitemperaiure, Tempera-
ture rige ip dotermined hy the point af which
the rate of heat generation equals the rate
of heat dissipation. Sincg the rate of heat
sbaorpon by the surroundings is determingd
by the temporature differeuce betwesn tha
dynasmotor and the surrour ag atmosphery,
temporaturs rige ratings are always defined
at 2 specified maxdmum ambient temporature.
Furthermore, the te :porature riss for a
particular uat! under a given load will wary
with the ambient tempesrature becauns the
tempeoraturo coeificlent of the naterials used
gives rise to roslstance changes which affect
the ¥R hesting.

The rated duty tycles of dynamotors ars
oither continous or Intermitient, though some
unite may have both types of ratings. Con-

tinucug duly i8 contimeosy foll-lond oporation,
Intermittent Guty cycles vary {rom manu-
{acturer to manufaciure~; typical bitormittent
duly cycles might be 30 seconds om, 30 gec-

Cordn off, 1 mine us, 5 minutes off, or some

gther comparable ecycls al full-lgad. BIE.
D-34A specifies thres iypes of imtermitic .2
digty: (1) Duly &, 5 soutes on and 15 mia-
wes off; (2) Duly 8, 1 minuts on and 0
mirnates off; and (3} Dudy C, 1 minute on
snd 29 minutes off. Where a dynamocior hes
both duty ratings, the intermittent duty rating
is Righsr thas the continuous duty raiing.

Herd Dissipatics, The manpsr by which
heat g -digaipated from 2 dynsamotor will
vary deponding wpoe operating conditiong,
Convacton cooliag 13 commonly used in pea~
lovel applicationg, ssd ig uwsually accom.
plished by an intermal foa mounted on e
end of the avmature. Tha eificlency of coa-
veciton coollng i3 directiv proporticaal to
air pressure and therw.arg, convectiontonling
ig solatively ineffactnl abuve 10,000 feot.

Radiaica cooling is not affected by air
preacrwe, and may dbe utlllzed a8 any alt-
tude. This {orm of beat dig=t~Hon dependn
on the tenpersture difievence botwesn the
gource unu tha hemt sin’, As this tomporae
ture diffsrence deerrages, the rate of hest
reclatios aleo- decreases. The rate of radl.
atioa may be enhanced by coaling tho dyna-
motor with & dull diack finlek,

Conduction cooling may bo neeful at any
altitudgs, and 8 depends upon the arva of
comdnet, tempurniure diffsrence betwoen
pourcg and sink, ard sapacity o the siak.
Good sastal -to-metal bonding betwean the dyna-
motor {rame and the dynamotor supporting
structurs 18 eogsoméinl o goold conductiva
cooling.

BRECIFICATIONG

At ths prosent tme thore s only one
coordinated military specification for ayna-
motore. This pecification, MIL-D~244A, dated
15 Auvgust 1505, {o primerily & spocification
dalineating military reguirements for: r-f
irterference, dielectris strength, inaulation
rapiptur.g, dynamic dalance, load, tempera-
ture rise, maxingem and minioum smblent
tempsratera, vibratlon, sheck, low-tempera-
tures/high-altiteds oparation, maisture resist-
ance, corrosion and funcus resisiance, life,
duty cycle, brugh life, welight and dimen-
alons, ripple, regulatica, eificloncy, escln-
sures, ard ovarvoltags (iagma).
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Table 1-14—Dynamwotor Nomenciature Used o The specificati~y incorporates opsrnting
Miiltary Specifications parameters for certzin specific types of dyng-
molors. (Refer to Tables 1-14 ang 1-18.
Bymbol Description Teble i-15 Msts the peritnent charscterisiic:
Dynamotos Installsd s & moldie of the varioug types procurable i MIL-D-
- ground ilectrm;f ass; 2448, They are nc¢ intended for uss above
carrier- 10,000 feet sltitude. It should be noted thal
. ; ; those types are only representative, and that
oY TAH pomonclature any dynamotor widch conforms to the over-
v Bynamotor instalied tn 5 growsd all requirements of the apacification will
vehicle other thsa o DM be accepiable
grouwp (i.e., tonhs, @c.) -
G a > goseral wa Ther: are 2 mwmbar of singlo service
v Genaral Utility gpocifications which may be ueed for dyna-
R Radio racior procurament. This gicup is tabulated
in Tabla 1-18. Dynamotors coversd by thess
C Comuprunications (Recelving ané
l ) Transraitting) ¢ d gpocifications were deslgred primarily to
— ba uged with particulnr equipmasnts,
Table 1-154-—Dyeemotors of HIL-D-24A, Elecirical Properifes
v i 113 .
Type Vi | Im b o Rippte | Rogule- | B0 , | oy
deslynation {vdc) {ainp} wominal) {swp) (% mox} (% max) & min} | eycls
| pag-gee |IRY 23 320 | 0.2 2.21 17 5 Cont.
D¥-35 14 18.Y 539 (1) v 2.4 17 (=] It &
D36 8 1.4 226 .68 2.27 i7 48 Cewt,
DY-102/VRC® 28 0.2 633 0,223 3.4 1Y €8 L A
DM-40% 14 - 3.4 b 7 R | 1.0 i8 43 Coxt.
Di{-412 28 Ly 178 0.133 2.0 18 48 Towd,
DM -4%2 14 48.9 619 0.443
1030 6.269 2.6 12 €0 Cosk,
8 vue 0.229
3
813 0.2i3
DY-03/VRCe I8 338 1030 8.2¢9 2.8 12 & Cont.
4’ 8 vee 0.039
s
B D3-48° 29 1.9 20 008 | 20 18 H Cow.
2 z BD-T70 14 0.9 1000 | 0388 | 20 13 6 o,
Tl DY-85/VRC-3X | 28 o g0 {619 | 29 13 & Cou.
]
! j 3 0.8 33
i DY-91/GRC-§ 14 10.6 280 8.162 8.9 18 38 Coat.
J 28 80 35
A DY-133/U 28 1) 1me | 38 56 16 53 Cost.
v ~
ik DY-65/VRC-2 : 52 9 0.371% 28 18 & oy
! "
ch DY-134/GRC-9X | I3 13 850 5.366 8.0 18 3 Cond.
I =,
1 * nactive for new desiga.
t Instoiled in 8 moblle ground cloctromic geay carrise,
B @ S
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Table 1-13B—Dyvamc... o8 of 21iL-D-3¢A, Thoraal & Mechanical Proportiss
Nemival dimenstors
Type A:Eg;?w F ie!:é?mp (tg: m[ .1 Beclczure | Weight (tn.)
rF o ? e . v - 1,
designation (2 C, max) | (degC. aaxd o | e (b, moy  Cength | Width | Helgin
' . - -
4
Dy-S¢ £9 o TGS iy i 4.9 4.9 a.1% .38
! wiclneed ’
DRf-33 B 43 3600 !Gpw 2.3 7.8 8.8 8.33
protset-
DM 38 2 o3 7 Totally [} 4.8 2.75 3.13
‘acivssd
DY-102/VT.» 551 &3 T8 Upen $.95 T8 3.9 5,38
2z ; Frotected
Dr-406¢ 3 A 508 Ops 7.8 6.9 3.9% | 8.3
. poariseted .
Daidie 5 A 26 Cosn 7.3 8% .78 3.9
prodacted
Da- 42 £3 A 7300 Cpen frame 39 i0.8 6.9 8.7
DY.S3/VRLe 73 HA TR Coes fra:o 33 0.8 8.2 5.9
02148 8 £3 T Futaliy 8.8 4.5 3.78 3.6
gazloged
| BioT7e g2 7Y 5808 | Totally 13 {113s | 126 | se
DY -B/VILC-TT 88 NA 8209 Opoe 18 7.4 4.78 &€
profecied
{Fan conlsd)
PY-87/CGRC-9 &5 HA 5403 Opan 14.9 10.8 4.13 8.8
profe o
(Fam cooled)
DY-133/¢ 2 ] e Tpea ¢.5 7.3 3.3 4.4
protectod
{Berecs
oy i)
DY-08/¥RC-3 53 Ha 5508 (855 % 7.4 4.78 4.3
prodaciad
{TPag covlsd)
DY-134/GRC-9X S RA L5 e 2.1 3 3.98 4.9
prsts od
{ifag cpoted) L

*Inzctive for new design.

tlnstalled In mobile growad eisctronic pear Gurries.

TYFIJ AVAILABLE

This sectica g d&o oted to dlscussicns
the typea of dynamoiors and vari: ione wiihia

types.

Fioldg

Dynamotor felas sre of threo diffscec]
typos: pormaness magnel, dwnt-wound, eud

3]

crmpound- cound. For unjts with powsr out-
mig bolow 75 woils, many manufacturers are
using permansmt magnest {pm) flelds, lo za
aterapt to inereass the vary low eificiency
{13 io 3§ parcest) commos to thege a2all
wmits, This has the virtue of increasing of-
ficiorcy vp (o 10 percent, but thera are some
vary dislinet disadvantages. The magnates moy
T3 paraasently -demagnstieed or their fields
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Table 1-16—~Dymam~tor Military Specifications

&’ﬁw 3 Bate Amendmen? Typee covored
244 15 Arg, 1085 1 - 18 April 2950 o
889 DBAYS 21 Juiy 1950 — DY-E3/ART
88788 U8AT) 17 Jan, 1032 1 . 1% Oct. 1032 DY-22/ARC-3
730 URAL) 3 Dec, 1931 1 - 28 Oct. 1052 DY-21/ARC-8
T450{UTAT) ¢ Mar, 1052 1 - 4 Juae 1934 D¥-84/ARN-144
8014(VBAR 7 Jex, 1053 — DY-87/ARN-80A
830B({URAF} 13 Apr. 1853 - PE.180
8384(UBAT) 5 Aug. 1833 — PE.188
S040{UBAYY 22 Apr. 1053 -— DY-1040

1 9227TA{USAFY 19 Mar, 195¢ _— LY-T8A/AIC.10
9321({08AP) 19 Jan, 1984 — DY-92U
228N URAR) 10 Nov, 1853 - DY-T1/AK:-13
13258{8igC) 1 11 Feb. 1954 - DY-44U

* DM-34, 35, 33, 40, 41, 41, 43; BD-9T; DY-68/VRC, 83/VRC, 85/VRC,
197/GRC, 103/VRC, 133/U, 134/GRL,

mey be distorted by Hig
Theee loads may ‘cduce

translont loads.
izh secondary curs

vents whoeg resuliant magnetic fsld can
parmananily diciort tha molecular slinement
of thz fisld wmagnel. The msgnats may be
pormuanently domaged by sxposure to hgh
tomperaturss or the magnetic field may ba
digtorted or woskencd Y paced too near g
steal chassig or bulkhesd,

Unitz with powsy cuinmds up to 200 waits
comumonly ume 3 shunt-wound field, whilo
machinos with ratings sbove 200 watls fre-
quently have compornd fleld windings, Com-
pound fiold windings ars preferrod where
(1) the duly cycle i istarmittent, (3) low-
temperature operatios {s expocted, aod (3)
to reduce atarfing cwrrents. Applications {n-
volving intermiltent dudy cyclos usually rospelse
that the armatuve coms up to spoed with
minimum dalay; iyplcal vreguivements for mili-
tary equipment sfate that tis dynamoior muel
aovelop at lead 7% percemt of rated outpet
within 260 millisccond$. The high stavting
torque of compoend-wound ualts permils thias
and, in addition, alse provides mors torgue
w0r  low-tompsrature siarting in order (o
overcome ths drag of levricanis which are
viccous at low tempsratures. The lower start~
ing currents frequently foind in compound-
wound units are favorable for increasssd Ufe
of input brushes and startiog relsys, Unlike
compound-wowi motorg, the ceries winding
fa not cut oud by 2 contrifigal switeh whon
the unlt hag coma uwp o gpeed

Armature Windinga and Commut ~torg, Dyna-
molors are svallalde with single or multiple
inputs or owipits, or boih. For practical
limitations, the maximum mumber of commu-
tators {e four, and a tymcal uait may pro-

vide thres inpuis nud one output, two inpuls

70

and two outputs, or one input and thres
cuiputs. Muldple input windings (ens to a
commuiator] are usually ratod for differend
input voltages, 20 that a unit with inpsd
windinge for & and 13 volts may operate
{rom either § velis, 14 volits, or, U sultably
connscted, from 18 volte. BMultiple outpmd
windlngs may be troated in the samo manner.
It {5 important, however, to observe ths
propar pelarittes 5o that windings are nol
{nadveriontly cannected in opposifion, and
that tho voltage raring of the inguladon iz
not cxcesded. Mace the jenaraied voltags
prior to rectiffcation by commutation is &-¢,
a number of dynamclor manufscturers have
substituted glip rings in place of the cammu-
tator, and thsreby provide an nuxilary a-¢
ocutpui.
Power Ratings

Mozt manufzcturers produce & Une of dyna-
motors with cuiguts ranging from 10 waits
intermifient up to 600 watts continuous, Within
2 given frame asize, i ls usually possible to
oitain almost any combination of input and
ocutpul woltages, provided the total power ln-
volved doss not exceed the capacity of ths
frazwe size. Whare 2 unit has 2 multiple
power utput, the total la determined by
adding tho individual ouiputs. Generally speak-
ing, 2 comparison of two unlis baving tha
same toial power outpul will show that ths
unft with multiple outpute tends to have a
alightly Mgher overall eificloncy du2 to dis-
tributed currents in the multiple windings,

Yoltrge Katings
Commercially available units arecommoaly

deaigned to oparats {rom d-¢ sourcen supply-
ing voltagos in the range from 6 to 230
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volis. §5ince mosl ayn®r,’ v appL oL Y
mobile, the ma;>ri, o omow 1 uaitg

are wound for 6, 12, «. 34 volts, wi... dyna-
motors procured t¢ MIL-D-7 "Leved lgned
to operate from G-, -, or 2 -voll 3o "ced.
For belt operatica, fto mput ~~Hage  uld
bo held to wiinds 10 percent . the el
voliage, since vollage excursions . yord thig
ronga will reduce the alrendy low _ficlency
and will shorten lie ces increas ” ‘em-

Cutp’  voltagog sinn '3 .nge from §
volte through 1000 -olts. Altror hma € uni’y
provic: caiput voltages greate: . w i inp
voliages (slep-up of :ratios), dynrmdiors are
available thai wiil alse parform  tep-dows:
functions and comidned funcijons. Y typical
wit in this group m Bt oper=te fr » 8 13-
voll gource o provids -.Svollgfortul - haslers
and 360 volts (or mo: 2) for plete and screew.

Voliage vegu.. a0 on most dymamsdors 1o
rather poov, wili' ‘yrical regulation charne-
feriatics averag. ~ § t5 20 porcomt, Thara
figures would be completely uraccaplable for
any otker tyra of power supply and, eseepd
for iho faci that mosi tenhile communicaticng
equipmcnts 27 nod copoctally sengitive fo
voitage Nuctuations of this magniivds, dyna-
molors would fnd Hitla rpplcastion. Com-
parison of differ nt m==llg csozms {o indicals
that regulaidon i oroves with umils havinz
higher raied srmeturs rpeeds.

Ripple

The tolal ripplo coaierd In the dynemotor
cufput will average about ! ‘o 1-1/3 parcest,
depending upon lcad. That po'icn of the
total ripple dus i{o oxnmautaior mredulaticn
will increase ag the currenta through the
commutator Increase. Fillers may be Inserted
in input and outpt clrcults to reduce the
magritude of ripple an harmonies,

Stilclency

Rofsrence to Flg. 1-70 shows that dym-
mi or efilciency is & function of the ralsd
ouiput. The =siflclency of unite with Hgher
ratings than thosa siown In ig. 1-70, reaches
a maximum of 70 to 75 perrc ¥, wills must
wnits vith 100- to 200-wall outpul average
&0 per-eut. For any glven unit, afficiency
drops raphily as the load g roduced below
80 percent of the rated figure. Figure 1-77
shows iho elficlency characterislcs of a
typlcal gy~amotor. The primary {acorsy coo-
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P, 1-71 T, o oporating charaseterisiies of

irolling efficiency srm gizg and pszoabues .
epeed. High operating soecds vgually yosuls
in lowar overall off'-'=ncy dus (o nsreszed
mecianical losses, ns ahowa in Flg, §-08,
Tha oilicdency flrwros zap ted by moal dye-
maotoy manufacturers werd dorived oador o
mum condiflons, snd ths vs - will find oper~
ating efffcizncy o by pomow™t legs e
the pubMshed @ qurea,

Weight, Eaago, wd Dimenzions

The correialicn botwaen (e v.ight asd
vol:ne oI 8 g;asmotor and e ratad copacily
13 quitt glsca, with iypleal unibe requring
805 wcately Lo cu i per wal? e,
cotnras duty, ad wolght of b .l .08
pound v v watl, Lo7 dyvnamoborz e eylin-
dri-al, aithough many units sre slme: roc-
tangular. Jaging iagthe range from 5 drchas
ep to '3 ‘nciheg, Mle widths asd Bajgils
{exclusive of exterr v mounied Ltomyg) angs
from 3to 71 chos,

Raclogurgs

Dynamoterg e cvallable with foar diffe.-
ent types of cacl. sures: ¢ nlesicn-orodd, dugt-
preof, totally encle 2d, .nd opsn profec b
Tha explogior. prif €aso g degigned to | e
vent sparks at the “o rmutators {rom ignliing
the explosive atm. 1 lere. H a dynsunctor
iz operated in an oncenglvely dusty almos-
phore, dustproos enclosures arz useful {o
protect the computator and . ~aring™ {rom
exceasive wear. Thy tw da, encl cod dyramo-
tor ig designad fo: uz where almrupbaric
condiione are corrvvive. vocherviss armivi
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Open protected enclosures mey be usad whers
the operating envircmament pressnis no us-
uaual kazands.

gk

_ Inmd brughses for step-up operaticn genar-
aily must kandle more current thas the ouwtps
brushes, whiie the reveros i3 trve for step-
down opesatics, To squalize ths wear rates
of the {nput and output brughes, larger brushes
and differsst materials are ugad to egualizs
the current densities. Tesis havs confirmed
that inpat bruzh life 45 groater with continuouy
oparation thas with intasrmi‘tant guty becauss
ths high clarting currents sre nol applled
as froquentty. ‘‘Low-drop’’ srushss will effect
minimal losces al high curvent dsaslilesn and
thsy shculd bs uved only o3 input commu-
tstors. Comvarsely, ‘Tgh-drop’ (hMghvoltege,
low current} brushes zre bost used with
outprd commataiors. ihe roverss holds trug
in otep-dowa operaticn. Tha color cogding
for inpd asd ocutpud loads i shoom in Table
i-17.

Accagsoriss

Dynametos  occessories lociude fillera,
glarting selsys, blowers, vibratloa sad shock
faolstors, =i eonnaciors, Mausy dynamolieors
are conslyurted wihn srmature zhalt exien-
glons protreding from ons or both ends of ths
macking. Thess cxliensions may be vsad {for
low-power wchanical takeofl to drive goar
reducers, ecaatac! bresher palntg, blowsrs,
and the ks Thig feature is particuiarly de-
sirable ia spplicstions whers space, welght
or powwr sre at x premium, since tha neces-
#ly for 3 gecpurate blower molor in elimi-
asted.

Talia 1.17.—Color Coding of

TR e e

BNVIRONMENTAL CONGIDERATLONS
:}'_empemmm

The muximwa ambient femperaiure ppoch
fisd Dy MIL-D-24A ranges from 45Cto 85 €,
with mogzt vnits operabla up to 55 C =2 ruted
tond, Ceuformance to ths maximusm specified
ambient tempersturs in noceseary fo prevest
the total internsl tempesature (amdicnt plus
res) from excesding the Umit ast by the
winding insulation and temperature-esnsitive
components. FPoasibls sifocts of operatios
bayond the specified toiai intaruc] tempara-
ura inclods ghorted srmature tursg, arma-
ture windlegs soparating {rom their compmie
fator segments, destruciicn of beariag lebri-
canis, excessiva brugh wear, sad redoesd
officioncy due to incressed IR loswow

Sucossaful stariing and oparation ke tem-
paraturg range of -85 £, the lowesR spocilisd
n MIL.D.-2448, s depesdent spoa slaniing
torgus, lubricant viscogity, and beasisgdosiga
H the besrings seixs, the possibilily of Sura-
ing out the primary windings (o ¥+d, sd
thermal prodeciion should be providsi

The eifect o high altittdes vpom Broshos
has besn previcusly discussed. K podilay pro-
redurss used ob #lthu. Uwe armatuxe o feld
windings have left wdds, 1t {5 entively pos-
sible that wvery low ambioni predszres may
rupiure the material covaring thoez volds,
Uwe leaving tbe bate coppor oxpoaed,

Bumidity

High humidlly may lower the d@elecirie
slrength or the InsulrHon rosimsace safli-

B;-amotor Leada, MIL-D-344

Lsade Podarity Color code®
T=gle tpd (o8 Posittva Yuite
bl Yolgs) Kogatiwme Rack
Dwal bt (moxd Freltive Groes
Dighzs voltage, i any) Negallva Rrown
SNape output {or Poaitive Red
fomesd voliaged Hagative Rlee
Dee2d culpul {sacond Posttive Red, green tracer
Rbes voltage) Negattrz Blye, giocen treesw
Trigdo ooty Foelttra Red, black tracer
(Mzhaed voltage) Megelive RBlue, Wack tracer

* Whits teckground wivo may bo subetituted calng
bolical sirips for the trooay,

A e ot

o Mrowd belical atrips for ths Lase cokor and & marsog
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Pig. 1-78. Cutaway of minlaturized densmotor with feco-type commutator.

clently {0 cougs breskdows and coasegqued 2 For 3 glvew power outpd, minimum

5 fallure, ¥ & unit haz high ocuiput volingee, rippls and maximum sificlancy way be ob-
axcesslve mcisiure in the alr may indwe tained with low-spoed units {Hf gize and welght
flashoyss ofr axrcing ai the outpwl commuiator, ars oot critical).

aven in totally enclogsd units,

3. Aveld Righ transiermt loasds, oopscially

Corzosive Almosyiiores ca emall walls, partlcularly if they have poi-

. anen agnat § . This will reduce the

The sffsct of corroasive atmosphorss oa manont magest felds. Thi

bruahas has already besn treatsd. For othsr possibdlity of flaghover or domagnetizatica,
of a dynamoior, standard proteciive ) . .

g’:‘iﬁg' 1;; :(‘i:comx;xe d e‘;‘; We protest 4. Do nm permit brushes to wear Doyond

o ’ the minimum specified lan:ih, =nd roplace

Band and Dugd sh pairs whes ofthe: bruszh has woes to

the permissible limbi,
Tho ofiscts of sand upoa any high epeed

© precision machine are well mown, There {8,
kosever, one important padnt thaf tho rsader
ghould note: dynamciors with high voltage

i1
]
1
1
1
|
i
i
!
i

8. Avold commuistor polscning as s resul
of expogure to carbea tsirschloride, {obaceo

o1 and other smoke, and the fumes of scidy,

{ - outputs may exhibit 3 tendsnty, undey some lukricants, paints, and ciher hydrovartons.

1 concltions, to collect dv * al tha Mgh voltage

{ terminzle., A substantial zccwinulation may & Avoid axtal throsts,

‘ resull in arcing abeut thoge polnts,

i / Siock and Acceleratios 7. Do oot overlubricsis, and avrdd uslog a

: L fubricant that may vaporize s e, tempers-
Thars are no suock ard acesieration phe- tures. {Bes No. § above.}

vomens peculinr {0 dynamolore other than

thosw previously menationed undsy ‘" Mounting.”’ 8. Protective coatings should always be

uvsed; dull bleck paint {g useful in increasing
Fungd the radl.iica emiasivity.

The development of A ppora culture under

3 . 4 LY e wh # nR-Coals
warm malst conditicns va or withia & dyns- 9 R“"?é uslng 5}. me guch &3 wax-coated
. capacitors withie the dynemotor enclosure.
maor enclosure may result in eventual mal- : !
$ . . N The w2s may mell o high lomperstures nng
§ functlon due to interfersnce with the moving intorfere with the orover D o of
: ,; parts. Other than shlelding or elminaing tungl ! e proper ope d the

bearings and commutators.
nutrients, trers is no koows method of 1n- ¥ or

hibiting these growthe
IRENDS AND DEVILOPMENTS
PRACTICAL SUGCESTIONSA

. ®

Developments In tha Leld of mindaturization

{. For intermittent or low-{amperature op- have bosn exiendded to d-t powar supplies
erulion, a compound-wound fleld i preferred Dynamolore have besn, 2od are being, do-
Thermal protection ahould be provided. valoped for serticular spplications {euch ag
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puided misallos) whooy requirements may bo
T sumamed wp ags foliowa:

Tnpats B or 13 volia de

Culput: 186G to 330 volis dc a2 1B
0 Vo {Ein T wdle

Hza: longth of 4 teches, dlam-
eter up o 1-1/2 lockes

L& N B hours avorage

oparable during sceslay-
ationg of 16,008 g whils
ihe case 1o spinuning ot
10,000 rya.

Figure 1-78 showe s protefype miniaturise
unit. Geesrally, in minlsturized dynamotors,
foce-type commiZalors and hrus.. s aro ussd
to reduce the cage dameler ond to winimize
the eifects of loagitutinal secslaration. ()
Printed-circul? facs comwulators, such as
toge showe tn Fig. 1-T8 {(Iz place of the

sunl copper insert bava) kave bsen ussd with
Hmlisd success. For ono-shel uge, thay ap-
sear to bo adeguaty zod do sffect substantial
space and welght azavings. Anothsr dstinct
rdvantage of ihe printed commutator I3 that

AT e Ly e

S s et o s B

thern iz loss tendency to throw off a coimde
ialor segment al very high armature speeds.
For example, {f the armature spsad of, 837,
2000 rpn iw zdded t0 caes rotatica of 10,068
rpm (i the szame divectica), the oifsctive
toted speed of the armature ig 16,000 rpown
At oiis speed, solld commulator bars g
likel; to ba thyows o,

Tue operating curves of Fig. 1-7) flus-
irnte ths characteristic low efficiancy of small
cynamolorg. Alnico V permanent magnot fields
are widels used in this ivpe of dymamclior fo
incrones the efficdancy.

REFERENCREY

1, Bleldnd, Charles 8., *THrect-r~urror? Mg
chinery’’ MeGraw-Hiil Book Ce., Inc., New
York, 1952,

2 'Uniat rized Dynzmolor, First Quasterly
Progryes Repovt,” March 15 to August i3,
1853. Signal Corpa Contract #DA-38-080-
Bc-42711, by Elsctro Eogineering Products
Company., Chicego, Iil,

3. *Carboan  Graphlie and 2detal Graphits
Brushes,” Natioaal Carben Co., Naw York,
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TRANSISTORIZED POWER SUPPLIES

Althovgh traneisiors are being appilsd to

the ouipuml of a conventional tube or dry-disk
rectifiev 28 8 means of regulation, in this
book transistorized power suppliec e talen
t0 mean the ugs of transistors s s switch,
much g8 a vibrator operates, to coavert di-
rect cuxrent to alternating currenf, which is
then rectified to furnigh direct current af a
new voltage level, regulated or maregulated.

it i8 reasonably ecertain thad the iransisior
will eveafurlly supplant the vibrator in ihis
fuiction and that power supplies uging tran-
sistors as primary components will xeplace
the dynamotor a8 & power source.

Transistorized power supplies, comparsd
{0 vibrator or dynamotor supples, have tho
advantages of no moving paris, lght weight,
small #zo, greater efficiency, longer e,
relative tmmunity to ghock angd vibration, angd
small maintenance Compared to tube power
supplies, they have the additiomal gdvantage
of requiring no warmup period. A% pigssnt the
transistor is lmited in the power it canhandle,
and it 18 adverssly affected by high tempera-
ture,

Considerable resoarch is urder w1y {0 ox-
wind the working-temperature rasge and
power-iardiing abilitles of translsturs and to
dovelop improved transformsers for use iu
transistorized power-supply systemiz, Whilo
it 18 too early to be very definitlve about the
characteristics of wuch supply systems, the
following commeonts apply to the sltuation ag
of Decembor 1857,

QPERATING CHARACTERISTICS

Efficiency. Efficioncles of 60 io 80 percent
are fairly ecasy to obtain. In prectice, 90-
porcent efficlency can be sscured {7 voltage
regulatien 1s nol needed. The prime contrui~
ling factor {s tho desigr of the transformer.
Opersting frequency ia also 4 vital parameter.

Pegulation, Conventional regulalice tech-
niques miay be used with ono slyoificant vari-
atien: the standard functions of voltage and
current regulators should be performed by
transisiors if high overall ecfflcizncy and
optimal nminlaturization {s to bs achleved
Transitorized power supplies are ccmmers
clally available that provide stable cutpul
voltage wmder conditlons of varying load cur-
rent and fnput sour e voltage.

ey mame g e

')

Operating Frequancy, While the lazger peo-
portion of transistorized power suppiles cur-
rently being manufactured utilize operating
frequencies between 400 and 1200 cpe, the
range of f{requencies actuzlly heing usad o
tasted extends from 20 io 20,000 cps. Ths
operaiing frequency is determined prizoarily
by tracsformer design end filtey reguire-
ments. Where aize and weight are of vital
significance, it is desirabls io operate sl as
high a frequency as poasibie. From e cppo-
gite perspeciive, however, no difficuily iz
experienced in operating units &t freguancies
as low as 60 s, although tha transformer
and {ilter become awkwardly iargs.

A Yarge part of present-day tnvostigatton of
uparational frequency limits is concerned with
the translormer of saturable rsactor cores,
specifically in terms of sgire, materizl, and
configuration. A cup-shaped eove is belng
tegted for efficiency abovs 18§ k¢; exporti-
menis ars being carried out using coros wound
with special alloy tapes of varging goezs3 and
widih,

Tio growing feaslbillty of operutlar af
higher frequ “ies i3 expected to maks poss~
blg further reductions in @luo and weight of
transistorized power guppiisa

Powar-Handling Capabiliies. The prwor-
tandling capabilities of ths transisiorizad
power Jupply at present are limited. There-
fore, most currently manufictured powar sep-
plizg utillzing power transistoys {fall ixto
power rangeg below appraximately 80 walis.
A {ow devicos exist in which outputs ranging
up to 1000 walle, and slightly higher, are
provided. Extending the power-handling capa-
bilitiss of the unit 15 ssgealially the probism
of incroaszing the current-carrying cagpacity
of the trangistor eloment itaelf by increagdng
the allowable power disnipaitca of the function
or by reducing losses in the transistor. Tie
powor-handling capabilities of some regse-
gentailve commercial supplics are Meled in
Tablo 1-18 together with dats relevani {o
input and output voltages sad approdmate
slzes and wolghts

Supply - Voltage Requirements. For use lu
dc-to-dc converters, power transigiors are
designed and manufactured to functioa from
input voltzges of 1.5, 3.0, 6.0, 12.0, 24, oy 32
volts dc. This rangs covera tha 24-vell pxi-
mary sourcea carried in military weblcleg,
even Including volinges encountered durisg
peak charging inlervale. The transistory muat
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Tabis 1-18—0peratin Characteristics, Weights, and Dimonsions of Represeniative Commarciald
Transistorized Power Supplica

o | S | o D oowt L em woe
v ) vo power i, 2 :
(vao) (vd0) (ma) (watis) tin., eppron) {55, appros)
1 1600 b 1 Zx23%&1/2 : 8/
12 125 £ 5 2-1/2%2-1/2x8 1-3/2
12 1000 $ 5 2.1/2x22-1/2% 8 - i-if2
28 500 - 50 28 2.1/252-1/2x 9 3-1/2
%0 249. 130 3 2-1/2x2-1/2 %8 2
28 200 250 &0 2.1/2 2 2.1/3x8 h:4
28 120 825 KL 3x3x6 2
28 156 500 7 3nsSxué 3
28 256 00 73 3x3x6 2
28 500 188 g 3z23¥x® 2
28 1200 82.3 % 2x3x @ 2
28 2506 400 106 $z3x¢@ 3
22 500 200 $00 3xSx® 3
28 1200 84 1060 3x3x8 2
28 2100 €0 125 3.1/223-1/2x28 4
28 500 300 150 Ixn3x8 b
28 500 468 200 323xG b4
28 00 €60 F00 3x3x8 2
28 3C0 1000 300 3ad6x¥ 8
be capabls of withstanding twice ths nominglly and fully polted for mezausgmen. .D' pere
rated d-¢ ipput voltage. formancs figursa in this scection. 1 cas bo
ssen that encapsulating in the poiting come-
PHYRICAL CHARACTERISTICS pound contribitas greatly to the ruggedness of

the overall power rupply, enchiing it to with-
stand prolonged oxposure lo adverss aud
severa coviroamanis by sliminzileg relziive
matica betwean compoient pasie uxd oscaling
o humid aad corrosive aipiocpherse, -

fize. Tha physicel size ¢f 2 transistoriged
powar pupply 18 appreciably smaller than that
of a vibrator powar gupply. Operatic al
Megher {roquanciea promices gven greaies
reductions in size. At Mgher ‘requancies,

smaller and fewer {ilering components will A vealistic view «f the envircemanial cape-

be required. It is algo anticipated that trans- Hlities poasensed by goms of the battor mpan-

former coré mass can be subgtantially re- factured units may bs had by nolicg $he psr-

duced af higher operaling frequencies. At formance figures exidblted when issted to

prosent, producticn efforts toward reducing Rilitary Specification 3. -E-8373A1).

gize have achieved a volumo-to-power cutput

ratto as low as 1/3 cublc isch per wait. Rep- Shock. Tranelstorized power sugpiles de-

regsntative dimeasions for sippiles providing signed for military applicaticas are ru~red

varlous power owput levels are given in to withstand 3 shock test calling for 16 impasct

Table 1-18. ghock of 15 g, each shock impulse having a

time duration of 11 milliseconde. The mgal-

Welght, The yolume and dansity of the tran- mum shock is to ho reached {n approximately

sitor is extremsly low; tho weight of all ssso~ B-i/2 milllseconds, and the shocks srv to be

clated components is simillarly low (iranse- applied in the following directiema:

{formes core and windings plus filter compo-

nents) and can bé sxpected to decrease Duthey 1. Vertically, three shocks la sach divec-

with higher operating frequencies. Commenrcial toa,

production has already achieved a waighi-to-~

power ratio of 1/10 ounce per watt in certain 2. Porallel to the major horizontad axim,

units, three shocks in each direction.

ENVIRONMENTAL QUALIFICATIONS 3. Parallol to the minor horizeatal axs, -

three abocks in each directica.
Envirenmental test data 1sextremely zcarce

due to the nownoss of this device and the Units are now ln manufscture that continue
Hquid state of curront design. Transistorized to function normally during azod aiter such a
pewor gupplies have been hermetically gealed test
T8
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Vibration. Unitz are required (o undergo
vibratica of 10 to 55 cps at an arplitude of
0.03 inch (0.08 inch total emcursécn) in any
plane, Manuiactured transgistorized power sup-
plies meet thiz test and operate mormally
during and aftex i,

Acceleration. Units are mowded ou 2 cen-
trifuge and brought up to rotaticnal speed
until a specifted radialaccelerationis attained,
8peed, and hence acceleration, are then sta~
bilized for a period of not less tha 1 minute,
Units currently available exhibit romechanical
failurz or walfunctir o when testad intlds man-
nmer at B0 g acceleratioa for intervals up to
2 seconds,

Temperature. Equipmen? {8 required io
function under a range of temperatures ex-
tending from -54 to 7! . Commerncial units
are now avallable that exceed this range at
both extrsmes.

Altitude. Equiprient 15 required o fimction
2t pressures ranging from 30 dowan tc 1.32
inches of mercury, approximating an altitede
differentlal from azea jevsl to 70,080 feet, The
pressure may remain consiamt or may changs
af 2 rate as high as 6.5 inch of morcury por
pecond. Agaln, commercial units ave now
equal io the test with a wids margin of re-

BeIve.

Hum'!dity. Equipment {8 required to opsrate
in nlmo\spneres of 100 percent vulative hu-
midity, exhibiting no eifect on the stability of
opsaration. Commercially marketed urdts are
avallable that meot this requiromesd,

THEORY OF OPERATION

The iollowing descriplon of oue trangls-
torized power supoly is typleal (1)

This transistorized power sugply consisis
esaentially of a sac .rable reacter with the
requislie number of windings and the power
trausistors. Operation depends on a swilching
activn accomplished by the powsr iransistors
when triggered by signals from a feedback
winding of the reactor.

Tha transistors function in a manner simi-
lar to the contacts of 3 vihrator in tha: whsan
one g open the other ts closed, In prictica,
these transistors differ f om trus switchos
or gwitch contacts in the following respects:
{1} thoy uave Intermediate conductacce levels
between full *‘on’' and full ““off,” which ac-
counts for sowe rather bigh dissdpation lavels

. e e Ay

deving swiichizg, and (3) they roquire & e
verse powes 0 old them ofif at bigh tempers-
fureg,

The transistors operate i 8 push-guil
oscillatory civenit with the tracaformer cr
reactor windinga arranged to provida pocitive
feedback from the collector of each transistos
to itz emilter. The operation of the circuif
shown in Fiz 1-80 can be described as
followa, Assume that transisior & alarts (o
conguct and dsvelops = voliage across ths
primary windicz, The polarity is arranged so
that the weltage induced In the feeddback wind-
ing will drive the emitier wose positive. Thig
increaseg the emitter drive, widch 1uribosr
increases {he collector curvent, X the circuit
components are approprialely salected, ths
collector will rapldly tctiom; and & voltage
approximaiely equal io the gmpply voltage will
appear acrofs the appociated bal! of the tvans-
former primazsry winding. Sisce the windings
are oui of phase, the opposits collector is
driven negallve to twice the supply voltage.

in this conditicn, transistor A waast supply
sufficient collecior curramt fo sgmal the o-
flected load current, reflscied emifter cur-
rent, and the transdormer axciting curreunl
As Icng as ks cors {s vosatursied, the ex-
ciing current requiremsents wiil be very low
and, provided tha tranaistor cas supply ths
reflected lozd and omitter cwyresis, the coi-
lectors will remain boitomed. With thia voli-
2gc across the primary winding, the mag-
netic flux {(4) increzses acconding io the re-
latlon B = N&s/4, Eventuzily, the cora will be-
come esaturzted cuusing the ewcifing curremy

Te

g 0 R,

Fig. 1-£0. Baslc osclllater clrcut. Symbols
are: A and B, trausislors; V,, emitter voltage;
¥¢, collwctor vollage; 1,, ensitter current; I,
collector cerrent; E,, bqq)&v voltage; &, load
currest; Ry, load resistsnce.
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requirement to rise sharply. At some point
the transistor becomes incapable of supplying
this extra current and the voltag» acroes the
primary starts to decrease. This decrease
reguits in decreased emitter drive, which
further reduces the collector current. Tims,
transistor A ghuts off, tyrning transistor 8
on at the same time. The next half cycle is
fdentical, except that transistor B conducts.
During this half cycle, the core flux is driven
to zaturation of the opposite polarity.

A grounded base circutt is uoown ia Fig
1-80, but design approaches are ncl restricted
to this circuit configuration. Grounded emittexy
and grounded collector arrangements ary
equally usablo and appear asg illustrated in
Fig. 1-81.

The significant interval in the overall cycle
of operation is that in which the actual swilch-
ing occurs. During this inlerval the (ransistor
ontersg and leaves a region of high dissipatica.
it is important {0 malnizin low-iransistor
digsipation, which means that the collector of
the conducting transistor must remain boi-
tomad a8 nearly as posglble for the full half
cycle.

Voltage Regulatiom

A mumbor of coagiderations apply to any
voltaga or currant rogulaior regardicss of
the methed by which the regulation {8 ob-
talred, As a matter of background, ths major
requiroments of an ideal repulator ag set
down by Smy?h are itsted below. (1)

1. Within the Umits of its oporating rangs,
the regulator ghould maintain the output voli-
aga consiant L.lependent of variations of sup-
»ly voltage or load current.

%. The regulator should consums R negli-
gible amount of power from the converter.

3. The regulator ghould pormit the com-
veorter to work af {ts optimum efficlency unee -
all conditions. In particular, it should not
increasy the transistor dissipation.

4. As = corollary of 8 and 3 above, the
regulator sheuld adjust the dratn on the sup-
ply battery to a mintmum at all Umes.

5. Maximum power obtalnable from tho
converter should not be Umited by the rego-
lator.

8. The frequency respouse of the regulator
should be sufficient to handle the highest ao-
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Fig. 1-B1. Cerillator circuit configurations. (A}
Groundad cmaiiles cireunit (B) Groundad collector
circult.

icipated reis of change of suptly valimgs oF
lcad currerd. N this is not pogaidls, thy rege-
1ator ghould ta no way sifsct the uss of pus-
wve fillers for this purpose. This reguive-
ment also wmpdies to Qiters uzed fur the
purpose of docveadlng owtped ripyie.

7. Tho regelstor shodd b smali, lght~
welght, and as rgged 2g the olwr sonvertsr
components.

3. The ragulator should bs meble agatlned
arifts dus o temperature ool other cavses,

Trang slor-Veitags Regulstiva

Wihile arvy presesdd convestional foxm of
regulation meay Do zpplind to & raneistorizad
power supmly, suck as & VR tube or othor
reforence wowrce Hus tha nscessary creuitey,
it 1a mose elegant (and more efliciend) o em-
Moy translstors ag the regulating component,

Te inclate weyguintion in gimple clrcuita,
{eedlack fram ibe outpat o thoe contral wind-
inz of the translormer o oaturcble reactps
mugt bo provided. A variety of methods existy
by which thig may be accomplshed. A lwo-
sizgs trangistoi ’Rwplliler is shown ix Flg,
1-81, Thy frst stags is oporzied with a
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Fiz. 1-82. Regulsted transistorized power supply with saturable

reaicior inoatput circeit and show

grounded collactor to provide the correct im-
redance match into a high-resistance blec-lor
peross the  output. The sccond mage is 8
grownded emitter connection with the gatura-
ple rowctor control winding acting as 8 cole
lsctor load, A capaciior between ths first
aiage bawg and ground s required to prevont
fostabtlities frow ocoursing arcund the regu-
bator Tewdhack leop.

Tho chonge o cuipst woltage over 8 con-
glerable variation s !o2d curreat is shown
tn Fig. 1-8% The vegulation i3 excellent
from 10 to M5 we. Orer bls range the outpit
voltage changes abowt 1 volk, or slightl™ mora
than 0.5 parcent. A mpoly woltage regulatioz
curve for a4 currant of 185 my s shown i
Fig. 1-84 ¥or a SM-perceed Increass la
supply voiiage {fvom 13 to 14 volts), the oul-
put voltage increascs wmly 5 vndis o allghtly
fess Sthan J percent. Wisle thig {4 nck as good
a8 the leoad requdaticm, §4 is ample for many
purpossyg, U lmproved reguldion ty desired,
it may be obtained throwgh the use of greatar
smplification in the regmlalor cop.

Bell -Starting Clrovitsy

In order for the basde oscillator o siarg
an Initial conditioe of edreait hinbelance mu
extst. Wron wsing madched trangistora, this
jmbalance mry be insdewde to pormit soli-
starting, parifeularly wmbey load. Thiz preb-
leny can be overcomse by uze of the circult of
Fig. 1-35. The resislor {rom the commea
base lead to the negative swoply volisgs pro-
duces sufficient bage Diza wuriiat 10 cause

ing tranzisior conirel amplifier.

oseillatica. Once the civcult iz oecillating,
the dicde clampa the bages at ground. The
ragigtor value required depends Loth on the
load current and the transistor galg,

Anocther method to insure seli-siariing cos-
sists of placing small gaturable reaclors In
seriog with the load windings, Until the oscil-
lator starts, these reactors have a high im-
pedanca. Ovce the clrcult is supnlying power
to the load, bowever, ths reaclors aaturatn
and exhibit low impedance. This tochrique
was developed at thy Signal Corpe Bnglueer-
ing Laborstories.- (1)
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Fig. 1-84. Supply voltzge regulation for circuit
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CONTEMPORARY DESIGNG

A muliiple output high-power tranaistorized
power gupply has baen developad for ground
systems applications to provide highly stabls
high-powsr d-c gupplies (18 ouipuis in all)
where size and walyht are {raporiant factors.

The design incovporates =n overload and
short-circult festure go that sach supply will
sustain partal or dead shorts for any period
of tima. This equipment wag dasigned to masl
MIL-P-11268C (Parts, Materials, and Proc-
apses Used In Signal Corps Egulpme«t, dated
18 Decembar 1956) and all parts, malerials,
and processes conform to this spocificatica
where practicable. Easy access for ssrviving
and compenent replacement is a maln feature,

The central power supply consists of threa
sutunits:

1. (a) +300 volts ée at 350 ma

(b) - 150 volts de ai 609 mn
{c) +177 volts dc ut 2.8 smp

3
K

Ll
ﬂrwﬁg 3
7\

Fig. 1-8% Transistor ooclllator sed-siarting
clreuid

ils

llt
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2. (2} +28 volts de at 3.5 amp
(b) +1.5 voits dc at 1.75 amp
{e) ~8.0 volts dc &t 1.5 amp
{d) -7.5 volis dc at 1,0 amp
(8) -3 volis dc at 8.0 amp

2. Remols and Retoring Unit
(Central and Sandby -

The sandby power supply conaiss of two
cuandites

1. {a) +300 volts dc at 100 ms
{b) -150 volts dc at 280 ma
(c) +15D volts dc at 600 ma

2. (2} +23 volts de at 1.0 amp
(b) +1.5 volts dc at 0.5 amp
(2) -8.0 volts dc at 0.4 amp
{d) ~7.5 volis dc at 0.8 amyp
(e) -28 wolts de at 2.0 amp

Tho 18 outputz of this multifunctiosal unl}
are evaluaiad in terms of regulation, ststdlity,
ripple, and sutpd tmapedance in Table i-19.

Experimental Unlt. The circuit of a traa.
ciztorized power supply currently wndengelng
final tesls, but £t in final productica e28 of
Saplember 1957, is shown In Fig. 1-83,
Thig clircuit fentures voltage regulation thst
tends 0 hold the output voltage somekunt in
trdte o varylng source voltage or varying
load current.

Ooe o-¢ cutput vollage {e rectified ang
applied In 3 feedback connsciion to the firsi
segulator translstor, which 1g o'=n tled to &
Zerer dlode, functioning a3 2 congiant voitige-
drop davice. Eetting of the output-voltage
lovad lg accomplished by means «f the voria-
ble resistance, which taps off a volisga °
ampiificzion in the subsequont transisior
stages. Thie amplified sign2l {8 corabined
with the baltery-source voltage ia the com-
mon endiler clrcuit of thy gwitching $rassis-
tora. Thue, sny warlation in outpui corrent
drain is veflected through the common trang-
former winding to vary the :odback waltags
in guch g direction as lo ofisel tho 2oc0m-
parying variation im cutpui voltage. Similarly,
a fail or rise of tho source-batlery woilnge
during low apecific gravity perlods or Mgh
charging-rate iniorvalg cannot preveat thg
circudt Mrom maiatalning the point of cstput
vautage equilibrivm selected by the varisble
recistance getiing.

Circuil values are s follows:

frput woltage: 21 20 28 voltw de
Qutput power: 300 wolte dc at 10 raq
Aus eutput No. 1: 35 volts ac 2t 1.0 2w
Aux ouipul No. & 3¢ volts ac 2t 0.5 aowp
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- Table 1-19—Multipie Qutput, High-Power, Translstorinsd Power Supply, Specificatica Data )
[.— Cutprat B
. Regulstioa Stability Ripple impedarce :
Wominal {.0ad : .
vallage currest From 3ol y Penk . ;
(vdic) {amp) load to Forailie f Tio | 6900k | s00kewi i !
100% icad e pesi (chms) {ohmay :
& ! (mv) . i
- ‘
' Central '
+38 2.5 18 25 1 280 3 5 ;
+1.% 1.7 310 £5 15 i 5 ;
-8 3.100~1.508 | 25 %8 8 b L2 ;
-1.% 1.0 210 o 25 5 i 8
1.5 volts tracking f
6 voits supply ‘
-38 5.0 45 23 280 1 3 i
+300 0.250 10.73 £0.73 20 1 3 !
-150 0.660 :0.75 £0.75 20 3 3 [
-150 3.0 £0.75 £0.93 20 3 3 :
4
+30 1.0 +8 15 2890 2 5 !
+L5 | 03 +10 25 15 1 8 [
-8 0.4 25 +3 §0 3 g ;
~1.8 0.5 210§ 13 5 1 3 i
1.5 volis tracking !
§ volls geppily '
-28 3.8 23 29 ig0 3 5 ;
4500 0.106 +0.7¢ +D.7% 20 2 8 :
-15¢ 0.150 078 20.78 20 b 3 ,
+150 0. 600 +0.75 +0.78 10 3 5 1
AAA- 300V &
Gutaats
J LT
T 3
| | S
3 L.
T 26V
-3
g l [J 35Vec
> Avniliacy
I L 0Dty
T
to Fig. 1+ Hegulated transistorized power suoply having requlation
loga tham 1 percsat for 30-percent d-< load change and 50-percemt
a-c Joad change over temperature raoge [rom -55 to 83 C,
8l ©
§
'
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HAINTENANCE

Maintenance requirements are expected ul-
timately to consist of transistor replacement
only, Germanium transistors currently cost
approximately $2.50 each, and it iz antici-
patad that furthor refinements is e prodecs
ticn process will 2leo reduce this amount.

Preventive maistenance measures are aimed
primarily at preventing excessive transistor
junction temperature. This 18 necessary since
transistor fallure occurs abruptly and is caused
in nearly all cases by excessive transisior
junction temperature. A slight temperature
rise above thecriticai upperlimit causes anin-
creaged current flow; this in turncausss more
beat a$ the transistor junctioncausing a further
increags ln currend flow. Tin hsat andcurrent
{low avalanche im a very lrief interval to
destroy the tranmistor. Transiators must bo
replaced in matehed pairs {0 accommodate iho
required conditiom of circuit balanca necas-
gary to proper oeeraton in converter appli-
catior,>. Matching within 3 to 10 percent of
impedance values in each direclion is nec-
B5BaTY.

APPLICATION PRECAUTIOR

When ths outp® ripple ig difficult to Giter,
and may cause adverso effect upon adjacert
circultry, select & transimtorizsd 1ower sup-

ply that utilizer an operating frequercy such
that ripple can be alloeated fo a nonobjec-
tlonable part of the associated system’s bacd-
pass. The ripple frequency occurs at twicoths
oscillator frequancy.

COMPARABLE TECHNIQUES

The power conversion techniques utilising
the dynamotor and the vibrator power supsy
are compared with the {ransistorized powar
supply in Table 1-9 in terms of their requirsd
inpats, available outputs, and dymamic operat-
tng characteristics. R must be paalized that
the quantities asgsociated with the vibrator
power supply and the dynamotor have been
stabilized over years of extensive use whils
the capabilities of the transistorized vower
gupply are congtanily being improves.
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PRIXARY BATTERIES

Although muck electronic and elecirical
equipment is designed to operale drectly
{rom an 2-c¢ source, there are still numerous
applications for aflery power supplies. Bat-
tery power s most useful where a high con-
centration ol escrgy per pound Is required,

Lyons, Lambort F., "“Magnotic Regulatioa
Transistor Power Supply,”” AT™E Communl-
cation and Blectronles, Janusry 1957,

Pearlman, Alan R., “Transisior Powor Sup~
ply for Geijger Counters,”” Slectrasicag,
August 1954,

‘Switching Tranalstors Used as n Subsiitule
for Mechanical Low-Level Choppars,”’ AIER
Communicatica and Klectroaics, March
1955,

‘“Transistors ag Switches,” roport taguad by
the Apvled Physlcs Laboratory, Johas Hop-
king Universily APL/JHU CF-2353, 8tlver
Springs, Maryland, 11 March 1955,

where independence of individual equipment
from a central power source is necessary,
and whers an unattended power source agd
renewal by unskilled operators is required,

Many prhmary batteries of differemt com-
tinationa of size, shape, welght, and electrical
characteristics are avallabie for ves in mili-~
tary equipment. For Uids reasoa ooe of the
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major problems of the design engineer ie to
select the correct baitery or cell for : par-
ticular application.

BATTERY CLASSIFICATION BY USAGE

Primary batterles for uss in zlectronis
eguipment are generally classified according
to their intended use. Those used to heat the
filaments of electron tubes are referred to as
“*A’’ gupplies. They are generally low-voltags
batteries with high-current capabliities. These
batteries aleo find applications ag power
sources for f{laghlights, boosters, and fele-
phone circudta,

Primary batteries used to supply screen
and plate currents for electron tubeg are
called ‘B’ batteries. They are capabls of
supplying low steady currents at relattvely
Mgh vol’ges. Thesoe batteries also find appli-
cationsa ag high-voltage sourcss.

Batterles supplying voltage to ceatrol grids
in electron tubes are known ag “‘C’’ hattories.
In lest satg, “C’ battoeries are also used to
supply power for the chmmeter.

Primary batteries are algo used in portable
or emergency Hghling, elther agself-contained
power asupplies or as standby power whan the
rormal supply s.aiis. Although some of the
batieries proviously mentioned may be used
for lighting wparposss, they are used princi-
pally in elecircaic equlpment becauss of their
gmall slze. Tha larger cells and balisries
arg used for lanterns.

Other applications for primary batleries
are ‘ovnd 28 power sources for mechanical
gavices such as step-by-siep motors, servos,
and selsyns. Normaliy these uses &re some-
what limited since batteries becomo cumber-
some as the vollage and currerd requirements
Increase. In tslephone service, dry batteries
are used as power supplieg for talking snd
ringing clrcuits, operation of {ransmittsrs on
magneto  awilchbeards, intercommunicating
syslems, and interruptera.

PRIMARY BATTERY TYPEE

Ratieriesa used in the milllary services fall
tuto three broad classifications: (1) voaven-
tional dry bhallerles which are revdy to use
when purchaszed, and which are employed in
great numbers in military and civilian appli-
cationn, (3) low-temperaturs batleries, and
(3) reserve batteries which are not ready to
use when purchased bul become go when the
paer activeties them In some way.

Dry Cells. The commen dry baftery, typi-
fied by the No. 8 dry cell and the radic “B”

battery, is the oldest typs row in commeon use
and is empioyed in the greatest numbers. itg-
basic origin was the Lecianché cell and its
constituents are the familior mine case and ity
carbon-rod cathode smurminded by the alec-
trolyte.

QOthar typos of primary cells employ mec-
cury, zinc-gilver chloride, maznesium-sitvay
chloride, zinc-silver peroxida, and numercas
othar chemical combinations,

Low-tomperature cells are physically almi-
lar te and interchangeable with conventional
cellp, with the excention that they have befter
narformance characteristice at low ismpera-
tures. The low-tamperature calls have elec-
trolytes composed of solulions of ammaonium
chloride, lithium chlorids, or sdmilar sole-
tlong that will not {reezs at temperatures
sbova -40 C.

GLOSIARY

Primary coli. A coll thal {8 agourceof elos-
trical endrgy 1rom a chemfical reaction whcd
iz nct revoreibls bacause of the chemlical con-
dtdon or physical state of the electrodes sfler
digchargs. & dry celiis a primary cell with an
electrolyts in the "orm of a pasie or jelly coe-
fined to permlt oage of handizg and ves ix
equipment or areas where the escape of covre-
give chemicals cainol be toloraind.

Blectrolyts. The solid pacte, cr lquid ueed

between the electrodes in a cell wdich provides
fons for transfer of charge nt the eloctrodas.

Eleclromotive force. The talal electric po-
tential of a cell due 1o {ts parts. . tg produced
chie{ly by the difference in potesntial bedwees
the elecirods matertals. The terminal voltage
depends on the electrode material, the Inlermed
regigiance, and degroe of polarizstion.

Polarization. The change a electromclive
jorce «f a cell caused by chemical changes in
the cell whils current is flowlsg through fi.
Polarizstion reduces the tevmisal svollage of a
cadl.

Battery. A aumber of cells (mnecied te-
gether to oain the required voltayes of ca-
pacilies and packaged in 2 cortalmer, It 18 cus-
tomary to apply this terms to 3 singls coll aleal

Capacity. The product of the arerege currect
drawn {rom a coli or Lattery andthe time darirg
wilch the current {3 drawn before the cell ov
txitery voltage drops belew a waeiul lewel R
ts useally oxpressed tu ampere-t __ .
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“The most common reserve-type or delayed
action celiy bave the same physical dimen
sions as conventicmal cslis bwt differ in the
electrolyta. Reserve cells are shipped ami
stored in g dry state. Water niust be sdded
before putting the cell into service. This celi
finds application whers loag storage condd-
Hone are anticipated prior to use. The bai-
teries can be desgigned so that the slectrolyte

nidy bo admitied to the colls from 2 separzie
¢ iainer; or they may have an intarnal con-
tainer for clectrolyte, which s thau intre-
duced by means of compressed gas. Normally,
the tattery should be used whers it will be
discharged within a reascnable time alter
activatioa,

Mercury Cellg

Morcury-typs di Laltsrios are made tpof
cells congisting of four basic componenia
Theae cells, commonly roferrad to ag ‘‘RM™
cells, have an anode of high-purity zinc, a
pogitive electroda cemposed of mercuric oxidéz
which also acts as a dspolarizer, and an elee-
trolyte of elther polagsium oy sodlum lg-
droxide. In contrast to the common dry celis,
the csll conlalner io a steel can that does acg
take part in the reacton provid.ug ths slec-
trical energy. The coestruction of mercwy
cells ig she »n In Fig, 1-47.

T vicscapacity o battoriene  structed
of “RM’ cells difiers from thi. avallamla
{rom ordinary dry cells. On 2 unit volums
bagis, the mercury cell has zoveral times
greater capnclty. Figure 1-88 compares the
terminz] voltages of an "RM" batlery anda
Leclanchd battery versus working life hours.
The voltage or current discharge of RM™
cells s relatively steady. Thischaractorisiic,
the lack of requiremeant for rost periods dur-
Ing operation, and the tow internal impedance
make theso ¢ells well sulled [or usg in com-
municallons ogquipmenin, trangisior devices,
and meisorological insruments,

Mercury batteries havs good Mgh-iempera-
ture characleristics as may be seen In Flg
1-89. The capaclty of tha mercury cell is
much greater than a dry cell at roony tem-
peratures, bud 25 temperatures decrease the
officiency drops, and below 20 F the dry cell
glves better performasce.

Zine-Nlver Chloride Cells

These colls are used in applications of very
low current draln. They have 2 cvaibode of
silver chloride, an anode of pure ninc, and an
electirolyte of amrsonium chlaride tn the form

‘EER IR
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Bt JR4F 0
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Fig. 1-87. Ceastructian of mercury cells.
(A} Flat type, pressed powder anode (B)
Cylindrical type, pressed powder anode.
{P. R. Mallory Ca.)

of = jelly. They have a hgh internal resis-
ance.

Magnesium-Qlver Cileride Water
Activated Cellg

Thess cells have a Mgn power-to-welght
ralio and are excellent for ““one-shot’’ appli-
callons where discharge curves must be rel-
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atively fist throeghowt uss, Each ceii hag 2
rominai voltage of 1.5 volta. Like other water
activated dry cells, these are shipped and
swored dry.

Zine-Rlver Peroxids Cellz

Zinc-ailver parvzide reserve primary bag-
teries are of congziderable interest for appli-

cations where

wF

Jow_woltage.tamperature oo
ficient, remote activation, and long shelf life
ave required, The elsctrolyte is potassium
hydraxide. It iz storved in a eeparate com-
partment or container and introdveced af the
dme of putling the battery into service. The
cells have nominal woltage of approximately
1.4 volis. Batterles of this type can produce 8
coasidsrable amouri of energy in a relatively
short dme, for exampls, 30 wati-bours per
pound when discharged to exhaustiea {n 1%
minutes, This baticry lends {iself to misslls
and other applications whars it ia desirable
to have battory supples that do ool require
imtarnal healing or charging f{acilities to op-
evals,

SPECIFICATIONS AND STANDARDS

ost dry baiteriss that are required for
miltary use arv procured under ailllary
epacifications that normally contatn informa-
tion defining ihe batlery coastructica and s
physical and elecirical characterigtics, but
net its electrical capacily In ampere-hours
oy Its oxpected le. The reason for this
omisgion 1g that the buitery’s ues, matsrizls
of censtruction, and size have a great influ-
encs on s capacily.,

Most battery mpacifications are procure-
ment documenta. Altbough deglgn information
may be contalned In them, It 13 not of a nalurs
that can or should be uwsed in selecting bat-
toriog {or a specific appiication.

39 L-B-18B, Batteries, Dry

Miltary Spocificatica MIL-B-18B contalns
tede descriptons including electrical and
mechanical characteristics of Leclanchd, mer-
cury, and low-temperature typs dry batteries.
Rince Ihis apecificailoa covors tho greatsr
share of dry cells and batteries uged ln mili-
tury apulicztiona, ¥ will be distussad In
detaill

Aatteries and ceils procured under this
gpeciiication are identilied as {ollows:

BA- /U

Type Number

Compaonet

nof-

00 3
i ,
- S0
g Y\ \\\ Mercury
—4? 80 ) )
:;f Leclonche \1‘1
A — i ——
" 60

0 5 10 15 20 ]

WORKING LIFE, HOURS

Fig. 1-68. Efiect of eervice luc on terminui
voltages of Leclanché-typs and morcury <ei}
baitories.

1, Component - Ory baileries are tdantdded
by the iwo-letter symboi BA-.

2. Type numbor ~ Tha dattery typs nuwaber
{dentifies the type oF colls of which ths bai-
tary iz componed

8. Laclunchd celis - Satteries composed of
Leclancnd-type cells are identifiad by thetyps
vumbers from 1 1o 2980uclusive, For exampls,
the bagic type number would conaiat of oy,
two, or three digits: BA-2, BA-23, and RA-
230/U with certaln eaxeptions: BA-35%/1],
BA-245/U, BA-253/U, and BA-256/A, which
are procured sccording to other spacifications,

b, Aorcury cells - Battorles composed of
mercury cells are ldentified by ths addition
af ‘1000, and 2 '/U" to the baglc baliery
typo number. i the basle type sumbar already
bears the ‘U’ gpomenclature, v 15 nct addsd
a gecond {ime. For example, whon balisrles

30—
g 25 i Pl M e
2 25 U G
> /c\RM~N
o 20 : T CuT Y ~—
T
}': ]5 l“‘
st B eclanchae )
g 10— cell\
3 A3
g 5l—t—1 r/F;:,,.,...iﬂ

O

220 S10 -0 10 20 30 @0 50
DISCHARGE TEMPERATURE, DEG &

Flg. 1-58 Comparison of capactty af vartows
temperatured of comman &y N ool and DHLN
eercury replacement cell when diechargsd o=
2 BA-38 draln
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BA-3, BA-30, and BA- 210/U ars assembled
with marcury cells, they are identified 2e
BA-1002/U, BA-1030/U, and 1210/U respec-
tively. Batterieg having corrssoonding mum-
bers are sh-;&caﬂy identleal whether they ars
eousmruciad of Leclanchd or mercury cells.
The elscirical  characteristics will differ
gosaevinb- 8 LW TR RSN O S8~

o+ rtarisreaplasts i crhebe o s an mchrednt

it bl 00 1

o
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{vical charagteristics,

c. Cells Ssalgnad fov Jow-lsmporaturs op-
eration are ldenitiied by an addition ol #2000
ad 4 2 U {wden the U does nod exial v
pari of the basic number) to the batlery num-
por., For exampis, whon hatterieg BA-3, BA-
2, and Ba-403/U are asgemdled with cells
debignea for low temperzture {hey are tdent-
fied as BA-2003/0, BA-2030/Y, and BA-
0370

Hatisries made avcording (o this specidics
tion cover 3 wile range of volixges and are
availabis 1n varfely of szes and
shaprs Daving wariocus types of termiuxia
For dotatisd chaewncteristice, the resdsr i
reforrad o the specificalion apd Ha Individ-
te rofor-
[and Hia
srioun batizries accords

i
wxd specliicaiton sheets, To fscilix
riag lo specilication \m‘.e:‘m, Tebies |
the Appendix Hat the
ing Lo their mlt&:zm.

This spacificatioe ruvEE 21 diy ballsry
having & nominal x.,\l\:zs,g of 138 valig sd g
lap *t 3.34 vmm Tae cnr‘*\r‘l rabinyg are 200

RN dn\ﬂy
] amposed

Thia speciflcsion covars ;::‘1 mary etlgvios
{manded for use shere Bgh Cxprelty por unit
of weight and extremaly ‘.on sha Imn are
the prime vosatdarations, 'l‘hsu batteriss ary
{rort untl] bomarasd ia water for activation,
The type dexignalian lg swnewhal :c‘,rr\\'n, to
that tn MIL-B-108 R {2 compesed of 8A to
Lufleste primacy atiery, 2 type nsmber (SS\J,
IR ta caie 3 spec ifie batiey
and ax losixdiation Inlwe’tor of one or mare
leMers ¢ show the eyguimtent wiith which the
sattery by fpscisted (AM, alrborne mgteoro-
tewiical egatprdest; U, gooeral wtility which
ncludtes twoe or maore genseval watadlatian
clagses  such W Ziruerasy,  shipavard, ov
groewsf), An example of 3 compiete cermgnas
tion 13 Bh-259AM,

S59, 298, B

8¢

MiL. a&ﬁimﬁ‘%ﬁ\.} Battery, D1y,
(BA-248/U and BA-2345/1))
51gC) covers singls ool ey

MIL-R-1S1ss e § dey
batteries thad have o chioride sledirgivie aag
5 powmiesd volizge of 1 voll. 'Y‘nsgv axe gxm %
for nsze as the power covuriw for hlas

TP UBi TRV aaes 81"12:%?.,@57{7 ig usad ig
tempsrate aud iroplesl smomes; BA-2348/1 ga
ussd in zvile sy,

MIL-B-TIS6EHARS
Special Sa »t:. “Dischargs, n.irfk“‘?‘i b Dz

BIASD), Battories, High Cagarity,

Bk

This %‘»\"iﬁcs;‘:& covars T.0- sod 0%
volt soecial pueposy batisries ussd 1o ndBe
ta 7y airesafl. These talierins mro inigadsd
{for slagle \&sa‘xi:‘:w sarvice umder
climalte

TEVETY
csondificos. The cells 275 oErmn-

aenily ssaisd G\“\;}‘E for filler apualnga,

svy dry atlerkes S-
iracts, provissass of
¥ 4

-B-{0ic Ralt tarfes 3

sdersl Sv oo wiion

Tidzs igx ¥ 1 of dvyrails
and WRUerles. B includes the followlsyg dypest
1

Ne. 8 poneral purpose dry celle, Ne, §2ud §
Iafepnony dry oslle, sxecadbled Daderiey of
Mo, 8 gsworal muopose osllz, Nashitghl celis
and bafievies, n=d nmtie ”‘"’ and T Bt

torien

T ther sgecial puiposs Imitariss sfe
covered by MNIL-B-1ETIHS ), ves&-?r’-*‘ dary
batiories, s MIL-B-Teld{Aswr), 18G-wali

sy dry CBY ballsries.

Hationa k, eSSy o Sl:me ardas f?.rce"m‘ 339

)

walc

mryerclal dry eella and Daltertvs & 4 be
.ed to Nodloasal flurest of Sandarsds Cir-
S50, which covers general gxn*;.\&w‘ -
Yo flephnes, Ilstf-‘ ighi, AT N
cafio, xnd A/B haltery pechs, "\eg.‘\m
naracternialics and elecirical tosls spor-
Hied pravkle for walforwmity and screpladds
quatlty o the bLatteries made for ceometercial
ugs,

DRY SATTERY OONSTREOTTON

Pry cella have
an~da, cathale,
Ing sgeisl

oy maor compenonts:
sievtvalyie, mnd & Jopoladis-

Mar st L wr wen v s e

n$__~__‘m_
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The anode or negative slectrode is come
‘Posed of high-purity zinc {over 9.5 percent.
purel. In cylindrical ceils, it servea as the
¢sld container and is gens -y provided with
some ype of terminal, depending upon i€ ine
tended application.

The purlly of the zine s wmportant since
samall partizies of {mpwrities such as irom,

—Coppen-eadmivny - frad st up Iy SIER

Yiocal cells’® on the inside gurface of the
zine can. This results in the =inc belng cone
Hnuously eaten away whelher the cell is in
uss or not. The swmall currents eventuslly
wealren the cell and waste S eell capacity.
Figure 1-90 diagrammatically illustrates thas
process. The magnified particle is of iron;
the local current flow is fros= the zine to the
iron to the zinc. This is geserally referrad
to 7 local actien,

The cathode or positive electrode is g cay-
ben od made by wixing coke op graphile with
plich and heat treating the mixtus. > raske
the electrede conduciive. The ro’ ROMO~
wiat porous to permit gas o escay. and gen-
erally hag a rough surface to make good con~
tact with the depolarizer.

The depolarizing agent is a homogoneous
mixture of approximately 20 parts of mangz-
nese disxide and 10 parta of carbon black
moistened with ammoaium cklox +te, The phys-
ical properties of the mix vary wilh the ia-
tenced application and method of manufacturs.

The elocirolyte is ia th~ form of a jsily
congisting of ammonium chloride and zinc
ugually mixed with flour. Inhibitors such as
chromic asalte are added to prevent corrusion
of the xine ca,

Flat-tyra ceils, Pz, ', conslst of the
same four parts as the cylindrical cells:
howerer, {8 flat cells are in giab form ard
sealed by a plastic envelope and saaling wax
to prevent lcas of 1 olsturs.

Physical and Mechaniesl Conmtderations

Primary cells are svailable in varlous
glzes, welghts, and shapss. Table 1-20 in-
cludes the sizea and shapes of both dry colle
and mercury cells. Batteries constructed from
these calls are usually square or rectangular,
For exaet shapes and dimenslons, the ayppl-
cable .uilitary specification sheet should be
congulted.

o —

. . . . R AIRPEREY W S

~

87

Ca PSSO

N ]
.Elactrolyts
solution
-5 impurity
Loeot Q?&//
SurrRnt ———i—3> s,
path 1 .(\(;» /é,
ot Dy colt
can

N

Pig. 1-80. Hustration of local sctica.

The cell ssal i.: either 2 gealing wax or 2n
ingulated metai enclosure. It is designsd o
protect the contents of the cell and to prevest
losg of moisbire. Most gealing wazes contals
rosin and pome other materio! io lend me-
chanical sirength. OGccastonally, ssphait e
plich is used in multicell batleries. Lince
these materials are zoll they are goneraily
gurrounded by a cardboard contoiner. Some-
times & metal seal i wsed to form an air-
{ight anclosura.

Terminnle

Terminale provide 2 positive mecans of
waking external elsctrical conrecticns to the
battery and come In many styles a8 gshown i{n
Fig. 1-83. In addition, many batieries have
centor taps requiring multiple fsrminals cu
tha battery.

Fig. 1-81. Flat common dry ceIl
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ble 1~20—Dimensions asd Weights of Standard Dry vollz frem mm-sa-mb of July 1, 1983

Cylindrical Leckanchd Colls .
Nominal diseesalons (in.) Approximate :
Cell weighi
degignsiton = p o
Dimmeter Leongllh Width l_ Tickness )
ﬁ 24»1/1'3 @ - - 21 -
3 1-3/4 8-7/3 o - 0.6
G 1.1/4 4. s == .4
P~ 1.1/4 3-7/16 - - 0.3% .
B 1-1/4 2-1/8 - - 0.28
D 1-1/8 2-1/4 - o 0.22
CD 1 3-3/18 ~ - 9.20
c 15/18 4-13/18 - - 6.10
B /6 3-246 - - 0.073
BR 3/4 - 1-1f3 — - 0.046
A 3/8 1-9/8 - . 0.046
AR 17/58 1-7/8 vo -- 0.038
R 17/338 1-5/16 - - 0.023
P 17/38 1 - — 0.018
¥ 17/52 3/8 ~ - 0.013
N 18 3-1/18 - - 8.012
N8 /18 8/4 - — 9.009
o 11/82 /2 -~ — 5,008
PL-10 - 8-.3/8 1-29/82 .41 -
FL-2 - 1-11/13 1-11/16 9.83 .
FL-8 -~ 1-11/186 1-11/18 8.%55 .
L7 - 1-45/64 L-45/e4 6.28 -
FL-8 -- 1-1/4 1-1/4 0.18 -
FL-5 - i-1/4 1-1/4 6.14 -
FL-4 ~ 1-1/4 27/%8 0.23 -
FL.S - 8-1/4 21/32 0.18 -
FL-% — 15/10 17/58 0.12 -
FL-14 - 8/ 9/13 0.13 -
1
Cylindrical Rlorcury Colls .
P—- —
R-4R 1.188 0.541 - - 0.631
R-3R 0.078 0.523 — — C.033
R-ZR 0.819 0.518 -~ - 0.03% .
R-IR 0.608 0.450 - L - 0.018

Tlat-surface terminnls are spscified on
gome batiteries. Tho nogative tsrminal is a
flat plate or ths bottom of ths cell can; the
positive t -minal s 2 plate with & raised

conter cylindrical portion.

When floxible wire leads are usad, they arg
color eoded as follows: pogitive, rad; noga-

monly ugad radio hookup wire. Stud and ued
terminals o usually mada of brags. In some
cases the nul {g made of insutating materisy
contalning a brass insert. Socket-type teresi-
nals have coatact portlons mada of phoepior

bronze. Individual specification shosts ahowskd '
bo comsulied for spacing and tolorances of )

rocke! torminniag,

tive, black; color of taps ag specificd on indl-
vidual battery speciflcation sheel. Unless
otherwise opecified ths wire loads are gon-
erally 8-1/2 inches in length. The froo ends
sre barad for 1/2 inch in length,

CELL CHEMISTRY

Tha chomical reaction wousists primarily
of oxidation of the sinc contalner and redec-
tion of mangamess dioxids. An extenslve ds-
cugsion of the ways in which this transforma-
terminalg. Thege terminals are made intwo tion of ensrgy may take place ia givon 'n tha
paria: & socket that is the negative terminal Htorature, (1)
and a stud for the positive terminnd. Qihsr - q
dry batterles are designed with {lst spring ov BLBCTRICAL CARACTRRISTICS
coll and flat spring terminalg. Bpring-clp
terminals are made of apring brass or phos-
phor bronza. The clips will accommodato com-

Some batterles are designed with suap-oz

Tha oleciricsl charncteristica of dry ba2-
tories are dependent upom ths materialy is the
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electrodes, cell sizg, coanscted load, tom- the temporature ai widch # I3 operated, and
peratura, and other parameters which wili be - to som: degred ma the cwrrent duain. In
discumsad later, theory, when the imiernal resistance of a bat~

tery is egsal to the lozd resistance, the hat-
Voltage tery will deliver maximum power to the lesd

Since e imternal regizim.> of 3 buitery
- The cpen circuit voltage of s primary cell < 5t
depends upon the electrode materials, T - varles will service, the on of maximum

common dry cell has 3 nominal vﬂlm@% 5 oy t(:‘:eluad b very ravely en-
volts; mercury cells, 1.34 voits. The nominal pracce.

voltage does not depend upoa cell sige. Bat- Althoagh the internsl registance of a oell
tories BA-23, BA-30, BA-43, and BA-§8, incresses daring vee, it is rot much cause
shown in Fig. 1-93, all have a nominal voltage for concers to the desigeer as long as the
of 1.5 volts, but their capacities are differont. batiery terminal voltage iz higher than the

Ths working voltage of a cell is lependent end test ge 1n the apglicable s co-

upon the eircuit in which the cell is used. It S};’ tod bsyéditfhaﬂ;iamiitfe of uﬁl:’autg:yug
is sifected by the cell’s internal resistancs Fedilled by -

volizgs, g -
and algo by ihe current drain. Desired battery test ia ve ;{:&?jzm ;:c isweé dt:i:&ig’
voltages and current capacities are obtasined ttw dealgaer.

by connecting celis in geries, parallel, oz a -

combinstion of both. Lifa

Internal Resistanco

The Hfe of a hattery éepends upon Re
The internal resistance iz dependent upca smpeve-hour rating, s cemmected lond, and
the amount of charges remaining in the unit, its duly eyela. The ampere-bour capacites of

© @) e o o G &3

J 5 Qo & O G

N Fl0t fusfoce —————F  Figxibée leod Snopoa  Flaot spring
o e .4 o % ocg)o
3 J g g o, O 0 0 © Qg} 2>
_ L g K Q8 ® >
[]?Li—n ? ? 4 - -+ ¢ -
I: ™G L_:I i l:::\-‘j “:} ;— i
Colt : . insuloted A" bottery type W battery Sype

Spring ¢clip  Stud & nyt Pin type

nyt
\— S1andord tisg sockaly —

0 O -
(=] |1 Gl

e

1 ' r‘ P ekt s ]
—>~{Frgebe

length
Flugh pin Jock Tab~1ypse

Socket with Revessed Extanded Extended
pin quides socke! sockesd suchat

Fig. 1-92 Terminals avallzble for uos with MIL balteries. (From MIL Dy
Battery Chart proparsd by Power Sourcss Broack, I 8 Army Shesad
Engincering Laboratories, April, 1936}
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¥ig. 1-93. Four commda &ry cells, dif-
fering in sixe and smpere-dour reting,
each baving nomingl voltage of £.5 volts,

batteries usurlly increage ag the physleal
sdzes of the batterles increase. Batterieshav-
ing cifferent pbysical sises zad ampere-hour
ratiagp sre shown in Fig, 1-9G.

In addiion to varying with by slze of thy
eell, tha aropeve-hour rating of similar calls
varies among manudaciurers bscausa of the
ditforent types of matorisig waed In cell con-
eruction: elthsy “‘synthetlc are’’ or “nxtural
core.”? Generally, cells mads with synthetle
ore have highor ampere-homr capacities than
those mado with patural ore. Bomse dischargs
curvea for size B cells of &erent memdac-
parers are showes in Fig, 1-84

Connecied Load or Curreni Dratn. Current
drain bas 2 mgnificant eflect om baltery Ufs.

154
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P2 3 4 5 6 7 8

SERVICE, HOURS

Fig. 1-94. DHeckarge characteristics through
35 ochmse for B nize commoa dsy cells made
by different masudscturars

The saries of curves in Fig, 3-89 Nustrats
how increased batiery life may be oiained by
reducing the current draia.

Hince it 18 evident that the Itle of a normal
“battery is relatively shost at kigh-corvest
drains, special baiteries, such as the zinc.
silver-peroxide-type, are used in applicaliong

e thot - FogUEre-3-Deodiy-eontinuove-diseiiaERT

current that can be suppliad by any buttery
will dacline graduzily because of the accumn.
Istion of wasty products within the cella,

Whea & ecatiimrous toad is placed on a dry
battayy, ihe depolarizer does nothave achanco
to functicn properly. Hydregen accumulaieg
ropidly at the electroda, causing tha working
voliage to dacreasa. If current iz withdraem
within batlery capabiiitles, wasie producis of
tha chemical reaciion have an opportunity to
diffuge within the cell and working voltages
can be maimained, H thy withdravml of energy
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Fig. 1-8% Li{e of 3 BA-35 baitery &3 enciloe
of curveas draln.

ig &t & low rale, ths ghell Ule of ths baliesy
aters into the overall We pleture. In ths
cara the ¥iuse roquired fo zshaust thy cell {a
80 lopg that intemz2l deterioration, Inheren? in
Gy batterieg, takes place resulting in a cor-
» 2sponding reduction tn cell enargy.

To avold lnsufficient or excessive ballery
capacity, indlsidual specification sheets zpd
battery informaiion sheald ba fellowed whes
spectiving batteries for equipment,

Duty Cycle. Operiing scheiuvles zve ap
importan conpideration im battery Ufe ance
moet Psbieries 2ve intended for intermittevs
oparation. Figure 1-98 shows the sffect of two
different aurly cycles on the lif2 of a2 BA-SO
battory. To malatain 2 proper discharge rute,




the clectrolydy i ssch eoll wum b fres o
cincolats betwaen e sloctrodsa o the cell
Blroe the rate of coasumption of the electro-
Iyie hs directly proporiiocas to the diachargy

curpemt, the electrolyte i8 rapidly esed vp ot

" high diecharge raten. However, if the baitery
18 weed Imtermittenly, as most halleries arg,
the electrolyle continusa Lo diffuss vk
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operaticn, and an addittonal dischnrge af the
samte rate con b oblalned vathk (he tb-amd
voltage 16 reachod,

Temperatura. (perating tempezatares have
8 marked elfect oo dry baltery eyeratics,
This effect varten with regard to Jaltasy type,
oixe, aed degros of eapoczre. (omzuntlonsd
dry hatieries mre nod adverssly afeelad by
tempsrabires from 79 to 120 ¥ i the aperale
ing paricd o8 the HMghar femperaturms is not
aneosadive, The sporabing capabilitiepsdecrenss
3y temperature drops. ba the oporaklag, tase-
purdure apprrosches 8 ¥, the capackly il be
onky 60 io 80 percent of normal capncily. The
eolls will become practieslly noparstive whon
rescking -20 W,

Low-tempsraturs  dry babderfes pe em
muel moro gatdafoctorily then coemsntlonsd
batberien al ow {empoaraturss. For gman ola,
wt bowres oporating temparatures, the capuciy
of Ios-toraperabwre beltavios a2lso decronnes
bt al nomuch lowers raie. A -4 T, thegy
atherden poovide 30 to 20 pereent of tholy
wowmad cagneity. Low-tomparaturs beMerius
dopractate much {aster 2l normsl bemnpmrs-
fureg and should be used only for subeso-
poralre spplicationa,

A wmercury batery’s capaclty & twrma
uperailng tomporatures sod azore 1 abow
equal {0 vr elightly groator thae Ha capacity
at T F. At tomperatures belew pormal, the
capacity decreases with temsparaturs. Balow
U T vory Uitle capacity remalag., The waria-
tlem ho tarminal voltrge of mercury collas with
tamperature {n shown in Fg, 3-97.

HMagresivm-silvar chioride koHeriss ex-
periemce litle olivet om their eayacities at
oparating temperaburos ranglng froos <40 %
140 ¥,

Zinc-silver chlorids balleyles arosdvsrasly
affected by abnormal fleraperabures. Above
10 F the batteries deteriorate; below T8 ¥ the
cogclly drops as tempervatury decrenses. A
~4 ¥ the battery will hewe practically no
capacity.

Where equipment {8 lotended primasily for

0 2 4 6 8 0 2 14
SERVICE PERIOD, HOURS

Fig. 1-38 Sficel of duty cycle oe lue of 2
BA-50 tetisry,

consider giving the battery soin2 protoction
from the cold. The battery compariment can
be imsulated; the will b ip retain internal
baltory heal. The battery location can be ar-
Fanged to fake advantage of any internal heat
gonerated by the othey components. Io cagag
where aliernating current is available, it msy
be pussed through the baltery to hsat it
Blogking copacitors are necessary $o provent
discharging tha baitery. External hest should
be wsod with great cave, wince lattery com-
paneis are gamly damaged by overhoating.

@eﬁ'{@-‘%’eﬁﬁ Ratic

Appiications angineers are faced many imos
with the mocsssity of selecting a powex scurce
whare weight 18 of prims importance, Migure
183 tndcatos the wait-lours per pound avatl-
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able from virlous battery types. Primary =]
sacotddary typos ers considered fn this gragh.
Fuel cells, briefly discusssd 3 the seciion
“Tromuis and Dovelopments,’” are lncluded
for comparison puTposds eves though practi-
cal {wel colls are not aveliable,

ENVIRONMENTAL BEFFECTS

Battories, ilko all other compoesnls, are
aifected by environments in widch thay opar—
ate, or to which thay are szposed. The para-
graphe that follow {ndicnle whef the dosiyner
may oxpect of hetlsrice vnder dfforent sa-
vironmental congitions,

Teuparature

Rapidly -hanging temporatures do not sf-
fect dry ceils unloss the chango lg great and
the length of exposure s long. Tho internad
tomperature of celly lags bohing sxternsd
temparature changes, particularly i tivw celln

arg in equipmaent, Temporrturs changoe ibag

caugs infernal temporvatures to fluctuats wilt
caugy changos In the oleciricnd chiaracteristicg
a8 noted undey Life.

Pressure

Dry batteries wre deslgnod for operaiton 23
nOrinal atrmospheric presgures. With ths ex-

sception of cartaly spectally destgned batterten,
8 is nocesyary to protect batteries from lergs
cimmges in pressuro by s2alieg In cang. A de- e
greass of presgura may cause the losg of
clactrulyie and Houit currast producisy snils
itles. Messury colls are gonerslly enclosed -
in stes! comtalusrs making theoy rosistant do
mfm&-mmwﬁm--kﬂ'Jwﬁm%—&m*”WW'
mercury cellg are vented to permlil tha oscage

of gasas that davelop from chsmicad roancticue. -
This will permit the diffusion and escapy of
clecirolyte a2 extramo dttudss,

As requiremeznin fov sporntios 2t high sl
todss ipcresse, bottories capable of operaling
ot vefuced pressures shbould bs usged, or slas
3 goesgurisd containeyr for the batlery should
ko providsd, I alithsr evend, tho prasguve
eyest not be permiticd to decrense to the nx-
teil thnt the eleciraiyls will beil.

Bercury calls tesled st reducnd prosuusss
egdvalent fo altitedes greater than 38 miies
showed no cednelion 1y open clrenll vollage
Fhe loss of waight that occarrad when mer-
cury oells were asgxuya{ﬂ to kigh altitudes is
shown s Fig 1-89,

The exisdencs of "Hot spols’’ §s dry beg-
tories shonld be avedded. Lecslised host wild
‘canse moldng of waxos, pieh, and iars; and
frerenps the pogeibllity of intsraal shoxt cir-
cwils developing or ths call contniner baing .
dogdroved. In addition, at high temsperafures,
eall setivity is grenier and dedericration may
goguy faster,

Metsture 2l Pungus

Those coaaditiona are dostructive to dry
baftories. Noymolly, batteries are whipped and
stored in peckages designed to protect the
bettary from thess dogtructive eloments, and
the main problem ibe desigesy will have io
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Fig 1-00 WRigdt losx of mercury colly when .
expossd W & pressure equivalont b an altituds
<d 54 miles
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contend with is in actunl uee. fury tatieriey
eontaln mawy materizis {ksd are lwegus ne-
trients aed will not witheiznd molsture, they
seed profection 1o spplicwiitns wisrs thess
copditions ewiet. Thiz cru e dowy by trest-
ment with & wax impregaatad with o fengicide,
in rages where severs comGtions are anfici~

LR i N

s e e At S g sty S b, b i e

2
7

g, baiteries - constsusid gith-wtedl-gang...
shoald be specified. Buttaries sre normaliy
givem 2 gubmergion test (o dreridae i thy
cage will {fall apaxd. This chould in no way
Impiy uss In guch conditions, ¥ U 1y weren-
maxy (0 ngs % batiery i uu caderwatar appil~
catice 30 mwst be sociosed i3 5 ;mtal ecwe
talner oodd have {1z devmin. | prudsetsd,

Hucienr Radialoa

Gonerally, 1t can bo sinted thet somse do-
ferlors ' ou will bo experisnced by dxy coliz
wiwn 2apozed o puclesr radiation, R i
w0 coges g would endy shosisn sl D¥s.
Tho tarmirl vollage of the BA-D (a.3-voll
¢oli} was {fonnd to decrasse spsrodmaiely §
percent sfter exposure in & seoctor io azn
tntegrated doarge of 4 Hmes 18" Rosntgeng/
emt/asc. Ths ioternal resisisace doubled

Fibration and Ehock

Whan celie are expossd Yo Bony conditiong,
thelr moals may De damaged and bderngl oell
vonnections opeoed. Balte ry massductucery, by
usa of potting compounds, wake baiterias Uug
meet shock snd vibpafion vegeivomenia lz
miliary spscifications. {ndividunl spscifies-
fone and specification shesis should b tone-
silied to gelermine thess voquirowends. The
effect of vibration oo the sulpsd vollage of &
marcury cell Ie ghowm i Fig. - 168,

RINTI FO.s RELIATITY

To ackiovy maximum relilability conslmtant
with the sguipment requirsments, bultery ca-
pacity sbould o ag large aos thwe equlpmped
requires amd ug welght and spacey will parwlii.
it is beiter io selact baiterles with cells coxa-
mevied in serieswparallel rathor thou these
with colls all In sories. R 19 wise to spleck
ths <. lemt builery avallable slmce roliabil~
thy ord ¥ mplicity go togelher. In caacs whemp
ateer rolisbdiity s resmirad, M msy bo
advi abls to conglder a2 gecondiry batlery
winew this will yermit & cortedn amoved of
testing. The baliory can bo discharged zad
charged giving sa indlcatios of tha expeciad

\3 " g
per{ormance. psodle power plants.
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Fig. 1-160. Effect of vibration (0 {5 2008 eps)
on the output volisge of a marcury call undes
load.

TRENDS AND DEVELOPMENTY

“Atomic’ Batierios. Nuclonr or radlosctive
safterien received considerablo attenticn whea
firat announced. Thees botterics convert nu-
clear energy divectly into elsctrical ensrgy.
Bacasse of thelr amall powar outpst, these
zollg are Umited (o applications in the micre-
watt range. Immaediate applcations #proar
wmest promising in standard-call circulls as
reisrence vollages and 38 voltage sources fog
#uch dovices a8 Gelger countors and dosim-
Fars.

Fusi Uslls. Thess ave nsw {ypas of volisso-
goasrating chomical davices in which thero 18
% venlinuous foed of ‘Hfusl’? (ihy electrolyte)
ig the battery, usually (n ths form of & gag.
Allbongh reported eariy {n tha 16ih cenirwy
by Davy and Grove, thase devices have, with
fow axceptions, bsen pyoduced only on a lab-
wyatory basig. Colls produced in England have
dmltvered as high as 300 amp pov 6q fi at 0.7
wni. Fuol cells have the ~dvantage of high
wfficizncies, 49 percent auu abovo, Kfficisn-
¢ten s high as 60 to 6 porcant have besa
uwhiaved by raising oparating texaperatures (o
400 C and pressures to 600 pel.

Yool eolls vary in comstructlon. A& typlcal
oee has two porous nickel elactrodes in which
wotugslum hydrozide 13 circulaied. The react-
tng gasses, hydrogen and oxygen, are fed to
the coll from opponile sdes.

Prosont work indicates that s practical fuel
cell will bo devoloped. B offera promlse in
military power cupplles such as gulded mis-
wle systema, bogeon powsy supples, aod
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Othov Chemical Batieries. Solid electrolyte
batterfes, with the electrochemical system in
a solid form, are produced by several manu-
facturors. These batterles featurs bgh voli~
age, small size, long shelf life, and ghock and
vibraticn resistancs. Cne of the limitations of
thig type cell {8 the relatively low current

pources of power. In effect they are reserve
batteries because they cease to.provide powor
in the absence of lght.

-Bell Teiephons Lebovatories inve deveiopad
» semiconductor solar baitery which has an

open-circuit terminal voltage of 0.6 volt in .

%3

capabiities, The rormal current draing arg
ir the microampere racge. The characteric-
tics of this cell make it dosirable in applica-
tions where high voltages are required wihno
apprecisble current draig.

Mzmesium dry batteries have boes recelv-
ing attention from designers. The BA-270/U
i being fabricated from magnesium cells.

Rosearch and dsvelopment into new forma

i

of batteries is taking pisce in many directions, -

and it {5 highly probable tha totally new volt-
age pources will bacoma avallabls. The im-
provement in the chsracteristice of the com-
mona dry cell over the past years has been
very great and gives an indicatica of the
effectivencas of past ressarch. An excellent
summary of the trends will bo found in the
reforence to Hamer, (&

Soler Battories. Conaldarable offortiebeing
made 1o develop solayr batteries into useful.

full suniight and € viliage of 045 vollmrier
a load ¢of 40 ma per aq cm of area. It gives
about 50 watts per eq yd of electrode surface
2t an e{ficiency of about 6 percent.

A cadmium sulfide solzr battery has been
developed at Wright Alr Development Centey
which has an open-circuit voltage of (.45 voit
per cell, a short-circuit current of 15 ma per
£q cm and an efficiency of about 5 parcent,

The future poesibilities of these solar bai-
terios i atill not 100 cicats,

1. Vinal, G. W., “Prirmgry Battesiss,” Joha
Witey & Bong, Inc., New York 1950,

2. Hamar, Walter 3., *Modern Batierles,”
IRE Transactons on Component Faris, Vol.
CP-1, September 1957.
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FUSES AND CIRCUIT BREAKERS

Yuses and circuit brosksrs are cireudt pro-
tecting devices. Thsir primary purpose ia to
digconnect individual circuits, componsnts, or
oriyrment from 2 power source when 3 po-
ten¥inily d-amaging fault cccurs in the unit.
Thig {ault may be efther o mederate overload
o7 a ghort clrcult which, becaues of the heut-
ing effect of an electric curren!, can croate a
firo harard in tho wirlng gysters or damege
cquipmond.

Ths operation of fuses and eircuit brangkers
ig based upon 2 time olement priuciple; {h:?

-8, o & short circuit thoy oparate practicaily

instaniansoucly, bul on overlonds ihelr opara-
tlon has a dofinite tlime lag thst variss in-
verssly with the overload. The genaral abtwmps
¢l thiz characteristic is shown in Flg, 3-1.
Specific characterisiics are chown later in
tha chanier,

DEFINITIONS

Fugs. A Suse 1g a profectivs device contain-
ing zn element that mells or bresks whza the
curresd thyough it excéeds a gpecitiad value for
& given e,

Limiter. A limiter is an alrcreh fose with s
Mgh melting point. I has charscisristics
sdspied to protecting s gystem by ocooning
rapldly waisr heary fmult currents. The high
meliing point, $60 C 1u gome types, greatly re-
duces tha affect of ambient teniperatnre,

Circuit Breaker. A cireult breader iz sa
cisclromagneile o thermal dovice #ual aulo-
mztically opons sn elsctrie clrcuit 1m 3 glwen
{ime when the curren. In iite clresit resches s
predetormined value.

CTRCUIT INTERRUPTION
Thy pe.nciole of current interrupiiona in 2
d-¢ clrcull varies from the principle ln an

a-¢ clircuit. In direct cusrant thsre 18 ne cur-
rant zero; therefore, o opss 8 d-¢ circui?
aviomatically, ag a fuge ox & cireult dreakes
oporates, the curresnt smaust be forced to gern
by come moang, There are iwo melor ways of

- doing ‘thig: (1) elthsr by increasing the are

veaistance wntll tho voltage droep acrosg the
pre equals the clrould vollage or {2} by de-
crepsing the tompersturc of the are and
theraby dacreasing the joaisnticn in the are.

Are reslstance 1s Increased either by
iengthaning the [ath of the arc or by coo-~

[N,
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Fig. 2.1, Basmc o ront-Hos-to-haow
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stricting the diameter of the arc. It may also
ba accomgplished by a combination of the two.

B the miethod of cirewdt interruption thst
uses thé principle of arc temperaturs reduc-
Hon, & fugible ¢lement, ugually silver, sur-

rossnded l'u; a ﬁ]lnr‘ nrtn‘ﬂ]}ml]jpny ig enclozed

Rty ol S

The characteristics of a fuse are bullt-te
and are primarily dependent upon the mate-
rial, tho length and shape of the fusibls ele-
ment, and the arc quenching and are sup-
pressing techniques incorporated. To 2 lesger
degree, the characteristics of a fuge sre do-
pendent upon the body and thermal design.

"in the protoctive tubing of 3 cartridge fuse.
Whea the relstion between cur: and time
is such as to melt the fusible element, &n are
is formed. The heat from the arc vitrifies the
filler. Bscauge the filler removes heat from
the arc more rapidly than it is being gener-
atod, fonization is reduced and the current
failg to zero, When the principle of ar - tem-
perature  reduction 1s applled to circuit
breakers, 2 cold blast of air is the tampera-
turs reducing modium,

On the other hand, the current in an a-¢
cdrcuit psriodleally passes through zero. It
iz only necespary, thorefore, to prevent
reignifion of the arc aftar ons of thase zern
poinis to Interrupt ths circuit, Becsues of
thiz, dolonization of the arc gap when the
current {8 near £8ro i3 vory important. The
arc will be extingqudshed when tho dielectric
gtrength of the gap psrmanently exceods tha
voltage scross the gap that tends to reastab-
Ush the flow of curreat in the cireult,

FU8RS

Fusca are tho simplest devices known for
rootecting electric elrcuits and automatically
-penlng a circudt when an overloxd or & shoxt
Jdrcudt occurs. They are madoe in two major
styles: tha plug {ype, which is rated up to 30
smp in clroddis where the voltage doss not
sxceed 125 volts to ground; and the cartridge
type, which 1s rated up to 800 amp in circuits
up {o 600 volis. Cariridgs fuses come in two
distinct shapes—the ferruls type, which is
raicd from 0 to 60 amp, and tho knlie-blade
type, which Ig rated from 61 to 600 amp
Sinco knile-blade fuses have ratings that are
beyond the scope of thie chapter, they will not
be discussed. General views of the various
fuses are shown in Fig. 3-2,

TS AHSTEn Temperature at whlch the Tuss iz~

uged, aging, cyclic fatigue, and fuse current
rating in respect to it blow time current,
greatly affect these characteristics. MTime-
to-blow characteristics of o fuge are vsuallp
based on an ambient temperatire of either &
ar 25 C.

The f{usible eloment i{s made of 1 low-
mslting-point ailoy or ¢of wluminum. Ths re-
sistance of ths oclement when 2z current is
flowing through it causes the temporature of
the clement to rise. When thig ries is high
anough above ambient tempsraturs {6 reach
the meliing point of the Unk, the Unk wili
volatilize and open the circult {f the resulting
arc ig self-extinguishing,

Ths fuses comnmonly used In electromic
equipmont and cirouits are known as normad
Isg, quick acting, and iime delay. Thoss do-
scriptive names {ndicate the spesd ot which
the fuses interrupt ths current in a circwit,
fome reprosoniutive valuss are given iz
Table 2-1, and physical sizes and slectriczl
ratlngs ere ghown in Tabls 3-2,

Fuss Charnsteristics

—— i

All fusss are designed to carry rated load
indefinitely and stated overloads for varylig
perlods of time, ag shown In Table 3-t, Thay
algo huve 3 maxdmum voltage rating. Thig is
the maxmumn voltage at which a tuse can poF-
manently interrupt the current in & clreuid
within & predetermined time.

Normal-Lag Fuges. Normni-lag cartvidgs
fuges nre composed of an insulating cylinger
surrcvmding 8 fuaibla slement that ig con-
nacted to metal end caps sealing the cylinder.
Fuses that have = high Intorrupting capacity
have a powder or sand filier in the cylinder
around the fusible element to quench the are

(8)
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Tabls 2-1—Blowing Time of Fuses

- Percent of reting
Tyve
100 110 135 150 260
Normal Isg — 1t6» 01tz — -2 min
Quick acting life - - 610 st -5 aec
Time delay - life 0.1 he - 660 aec
= |
Table 2-2—-Physical Sizes and Ratings of Cartridge Fuees :
~ Physieat pise Raing
{inchas) volts amp i
Normal lag 1.1/2 x 18/%2 32, 280 1-80
1-1/4 % 1/¢ 32, 125, 280 1/18-20
Quics cting 1 x1/4 32, 125, 250 1/500-6
Time delay 1-1/3 x 13/83 33, 125 1-50 i
1-1/4 x 1/4 32, 128 1/100-8
b}

thet eccurs Guring drruit intsrruption. As
they are used when no special requirements
axist, excapt that equipment and components
are to e protectesd agalnat overloads,
normal-lag fuses are wr most widely used
fuses in clovtronic equizmment. Thelr curront-
time-to-blow characteristics arc shown in
Figs. 2-3 and 2-4.

g Fusts thelr pame im-
pliea, quick-actng fuses kavo a shorter times-
to-blow than normal-lag fuses {or the same
overload. They are uvmed wherse the normal-
lag characteristics woedd nol give adequate
orotection to such {toms as ingtruments and
dolicato equipment that do not have any over-
load capacity.

Qu(ck—:\ctingﬁ Fusca Asg
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Fig. 3-3. Current-time-%~dlowchaiacteristics
of rormal-lag fusea (33 walts rated)
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¥Fig. 2-4. Current-time-to-blow characteristics
of normal-lag fuses (X wolts rated)

Whon quick-ncling fusseg ars ussd in meas-
uring circuits, their reastance should by
taken into account. As indicated In Table 3.4,
the reslstance values of thege {uges vary avor
a wids rangs. The valuen listed in tho iable
ghould be ueed as guldes ouly, aince tha re-
gistance of any fuse will dlffer {rom the tabu-
lar values because of normal commorcial
tolarances, the degree of loading of th> fuse,
and variations botweca manufacturers.

Time-Delay Fuses. Time-delzy fuses are
used to profect equipment that takes a hgh
Initial curcent that later drops off to the
oparating carrsnt. Finmples of tids ara the
hgh lnru ™ cnvent compsred to the running

Pt ?
. ~ e @ -
- - r -
- s
e e i R s

L.
«?
e
- . - -

Y ey e e o e g

o

I i 2R Y

o At A s T g

P




5 5t

i, e p AFET bt

P VA R

[

Tab'e 3-3- Resistasce of Quick Acting Puses®

NIRRT S S e L

s oo = - - e e

fuss avs shown in Flg. -8 8 comsparises of
relative times in blow, shown I Mg fAsuve
with ths fmes sbown i Mg 3-8, indlestes
tha delay in fuss blovwing lime that exa be b
txined by ths wee of Usee-deley fusas wheo
the cccagicy yegmirss.

Alzrerafy Fuses (Limiters). The forills clo-
ment In (g tgpe of fuse hzs 3 Mgn melilng

1
!
i
!

e e ¢ e = mrin =

et A e S o o i et St 2 At T

{ Cold W Hat
Ampare resiatance reslatancy
raling {sppros {approa
chmsj chnsy
r o
1/500 2568 3509
1/200 450 118
17100 15 310
1/32 24 33
1/16 <.8 10.8
1/8 1.6 3.1
1/4 2.9 2.8
/8 1.8 10.8
1/2 PR 4.3
§/4 8 1.7
1 .36 0.75
173 0.10 0.33
2 0.07 .21

*Brpniled by Bessmann ManuwfRcturing Compayy,
Coid resistuncy obinlned on Wheatstone bridge; hot
resistance obtained at 160 porcent lewd.

currant of sn sleciric motor, or the indial
surge current of & capacitor when voliage is
first appled. Tha physical sizes and ralings
of thope fuges are shown jn Tahls 2-5,

The constracton of o tims-dalay fuss s
different from that of either a normal-lag oy
a quick-zeilng fuse. Normal-lag and quick-
acting fusea huve simpis slements that melt
ca ovorioads, bul the time-delny fuss has n
compound elemont composed of a fusible link
and a thermal cuwtout. The fusible Unk opor-
ates oaly on shor? circuits or very high over-
loads, and {he thormal cutowd functions euly
on low or modorats overloads., The current-
time-to-blow characieristica of thiz clags of

polnl compared wlih ordieary iuss elemeis.
Thegs Umiters are uvssd in alrerafl alstiric
systoems wp to 120 volts de, or 130 wlists
ground, 400 cyeles ac. They bave aypeaisy
knife-blads comtacts to prevent e use o
ordinary fuses in their plsce. Cne iype of
limiter is shown in Fig. &-8, spscificatiens of
thioe lmiters sre shown ia Twblo 3-4, sad
repropentativs currsnt-time-to-kiow chuvac-
teristico sre zhows o Fig. 2-7. Theso Hme-
ttors, vated at from i tp 160 smp, can prade
circults in which the sbort-eirvoll correst
miay peach values ag ligh ag 4000 nap

Vibration-Realstar! Fusss. Ordleswy ear-
tridga fuses generslly have 3 dolicaie fesdbis
olament thet may be dansged whan sublactzd
to vibratlon. Fuses with speclally dedigncd
alements should bi csad when they w1l bg
exposed o vibration, ’

Ono typs of fuss has o spring-iw forma-
oo at one end of the ¢lement having wing-
liko extenslong bt ars twisted S0 degress
and come (n confaci with the glase wall F b3
tube to decrease vibratlon of the eltmand,
Tids type bhas wormal-lag charscleriziics,
Another type, with time-delay charsclorig-
tics, has ] difforent comstructicn, R boa s
compound element composed of s eprivg asd
3 Unk Cu modorsts overloads, when the tes-

Table 2-4-—38pecticalions for Threo Types of Alrcrafl Puse: (Limilore)®

{See T1g. 2-7)
than 1/3 cyeis

B 5-68 130

i-&0 120
128 voits ¢

Raling
wolts, | N
Type Ep 2e Interrupting c2peeity {amn) Remerls
A 1-100 § 126 | 4000 at 120 voits. 450 cycles,

$0,000 ft alt. Arc time less

4030 at 113 volte sg 3000 8¢

Theee wnlts have arc-swppreesixg linteg

Theeo wlta —with arc-swporesel . 7 itxing
(5-30 anpp) or eanx {1iked (40-60 amp)
~—were developed o Improve arc inter-
Tuption vnder high surgs woltages

LN‘WC

® From Barlow, 8. P.

—_—— a

LRiectiical Dgtriation Systems fos Modern U, 8. Alreralt,” Koginserion R

port No. 6384, The Glann L. Martin Co., Balilmore, BMd. (Also ASTIA AD Ko, 521240
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hzeastovistics

porajure of the somnound flemeni reaches e
melting polnt of ibs alloy, the mpaing oalls
ayay from ths Hek, (m «%wr{ circwtts tha Mok
o Hom of theae bee iypes of
}'r”: g. 3-8 and thaly eupranle
c*:ar:,pﬂ:, 2r9 shown o

peg deivsss] Hus
iars or ac)nrumg g ol
blczm, Ly mrole
. Ohar fogsn,
qmi electriead
4, 29 Tands w}
4 e 1a DI N
ol 4; apd 'm
to delect 4 ',%’, 2
of thew opugud
catipg pln thad
Wy Ry U
wxls of edicaling

g 3-8 -~
rogtreering Co.,

ceraft fues (miter) (Burndy
Ine.)

101

Blows fae when fhy fesw demesst §9 s
2, are docugsesd undsy Fuso Mewds,

Fupe TSoynty

Peoges sxe rooavally ¢ "Mﬂi oy edredis
by fune holdery witch m“«z@ it aagy do reploce
o Mosn fuss by & now ce. Teo maln tyoas of
fuse bolders for carividge luses mre the ¢x-

tractor et =tyre Noldar TRl o R

Pstractor Poot-Type Holders, Thia tyor of
hodder 19 mounied sn the front of » panel and
s widely uged to bold 1~ by 1/4~tuch, 1-3/4
by 1/d-inch, aed 1-1/2- by 19/33-inch Jusas,
Il kas n colled sprlng thet crogtes posilive
eogtact pressure (o the ends of 2 fuze whan
iz cop 19 1o place, The cap 15 oithar bayoosl
tys or acraw fypn and Yghdy grips the fessy,
pailing 12 from e holdar when Vo cep s
resvgred, Screw tapg may e olider koorled
or fhated and are removed by Suger presiuee,
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TIRE, SECRME

Wby WG

P 31, Cespasd-tnet -t-tdew veeshneiiilies
&t ghye rall Sete Maedtax), Type fi, Tetdlie 304,

By posd holderin have Teew mads of phae
by Becsusy ol thadr Sow 80C resed.
Feuwed b bawn Woweeshy Wghior wiee
mxs‘,-'@n. masite  pwch ap melmainn,

Telows, ond glysa-koodad wies Poxl hosders
mey be Albar opages 0r dvunpparesd. 3
SRETRG SYva ANl oot ghve ey Jodleetloe o B
Hagn foos, ieraocs, wive ke clrovd foas
so aparaie, & e 1 reguired Y dutevmine
whidbes he Juge iy Wowd, The bembwomesud
trpze base & ez IndlcaNag famsp, oy
e ar txay omn b g
ek e 2ra, and :';zum P wies I P Lo
Fanawss. (Rhey Typos ivansgarerd oRp
thoogesls ¥Mch ey Indlesilhg pho o the oog :J
a Daen fupe 1o visibia,

feraadnggo s,

bive w

Bokirg Dl raqiro 5 serowdsives for e
wowal of the bLiren fuse sve b gpoweyaily
recommendsd Sor Aky Fosve epn prment.
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vadeh Bz fuses ave @ade and the test
mefds and requirements that fuses muod
smest. Appended %o these specifications sye
detniled opocification sheats that show dimen-
dors ond details of the fusos covered by
thecs ouocifieaticns. On tho olher haud, iepe

are other specifications that sre Hmited to

only ¢o type and size of fuse, Bummaries

of fhe major fuse ipeciiications follow, .~

he Wt/ it

R

CIE e My Va7

X

=Y

T E e <y

IR S e

mz. £-8. Construction of vibration-rosis-
tard femen (A} Normal lag. (B) Time de-
1ay. {Lidieliuso lm.}r

Fuge Blocks. These holders are made of aa
{nsuiating Dase oa which »re mounted fuse
clipe. They are made in single, double, sad
thres-pole formes; and if desired, can be made
in the form of pansl boards having as many
fuss clips ag requized. Some fuse blocks havr
insulating barriers between the clips to pre-
vant aghover from ong eircuit 1o anciher,

Fuge Clips. Fuse clips are genorally mabe
of ‘eprivg bronks or beryllivm copper, Both of
these materials have lgh electrical conduce
Hivity and goed aowln -like propsrties thai ave
necespary 1o make 8 iirms contact between the
fuse termdnalg and tho fuse holder. Yhsy are
made wiiht or withou! ond stope. Bome repro-
cenlatlve typos of foao bolders are ehown iw
Fig, 3-11,

HMilidory Fuse and Pugo-holder “veociflcations

Fuges, and the fuse holders associated with
them, in comn.on with ¢iher componoms uesd
fo- militaxy - ~poges, have a sories of opee-
featlons @1 covar thelr wses and requize-
menis. Some of these spscifications have a

fagie cection that sgpecHies weterials of
10001, :
NN o
4G amp
Ll
& 35 angp
= O s
< % B
fo A0 cmp] 8 N O N
& joLe2emp /1./"? ]
g ko 0@*7/
% i5 amp /
(&) {0 T %
[ . .
A i 15 10 08

TIME, SECONDS

g, 22 Carrooi-tirog-io-blow charscieristics

of vibsation-resiatsid sovmal-lag fuges, ; the oloment is not fo axcesd &0 ohmso e
‘ AL e T e T
B R A R R o T oo N _ . ~
- ‘\m:’*'""""ﬁr' s S e——— -
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MAL-5-15160C, Fases; Instrument, Power,
. and ‘selephons, T1us 1o the basic MILtAry Tt
@m&fﬁ ts & gensral epecification,
deing some consivuctios dotalls, specdfying
the grades of materials to be uged and jost
regelvomoms, Specific construction detatie off
ench type of fuse are given v wallf 3ty Stand-
avd Sheoto that sre appended to ths opecifies-
tion. Fuges made according to thia gpecifies-
tlea ave to meet requirements for electrical
contimnily, cuvrent carryieg capacily, ovey-
Ioad blowing, terminal strongth, awd elos
- civert facta,

& Mo epecification, fuses ave ¢-Ygreted
i the following form:

By .Eﬁl ROLG. B
Tighs Voltage v poul Cearacteriehie

satieg veiing

fSiyie 15 cocdgnsted by the lettar “D* -
v & two-dight aumber Jsnoling a4 fuse
of givem conetruction and ditaonstons,

Yoltogs wuting is ths madoun powiest d-¢
of 8¢ vms volisge ot wideh o fuse 1s
cosignzd. R I8 {dentified by ons lottor in so-
eondanes with Yaldo 2-8,

Cazresd vaflne 95 s nooinal amck? of
curpes! a fugs will ¢srry indofinitzly withow
blowing. B iz {dentifisd by 8 combinaticnain
three-digit number and the lettar ‘R’ which
indicsios iha declmsal poing, ag szhowa i
Tabla 2-6.

The chaructoristic s tdentified by one et~
ter which indicates relalive blowing time as
ghown ir Trble 3-%.

B¥L~F-1887, Fuse, Time-Delay, 0.150 Am-
pore. This apecilication covers only one iype
7 Uwme-delay fuse cousisting of n twhulay
Iolmatpd phenct fiber body with nicksil-plated
Yevap ferrules sad sacloging o Hmo-dsisy
~lorwat. Tho fusels 1-1/4 inches leag by 3/8
inch In dlanioier. The diameter over the fer-
ruisg §o 0.400 (0 0,430 tnch. Tho reststnnes of

R s S TS

-

.
»

rl
-

9

3

e

. "

o L s

. T



8

1o 2-5—Volzg: Rating of
Puges Made in Accordance
with DIL- F-13160C of
15 Apzil 1658

Voltegs
(max)

32

S

SoMmp

Fomr

| emp

CURRENT, AMPERES

S

'% empﬁ

10 10 100
TIME, SECONDS

Fig. 2-10. Current-time-to-blow characier-
iatics of vibration-resistant time-delay fusoa.

00

Flg. 2-11. Representattve typee of fuse
heldere. (A) Post hoiders for cartridge
fuseo. (B) Holders for aircrafi {usea
(Limitera).

52
%0

125
250
50
1,000
2,500
5,000
10,000

eGSO mD g

fuse is to exxry 8.250 amp indafisdtely, and to
ioterrupt § amp st 608 vollts de. By delsy
characisvintic in 0.0 second {2 3 seconds for
B.25-amp and 15 to 40 saconds for i-amp
lozding. Tho fuce bus io meel wechanical
atrengih t2alo and 18 1o bs g0 congirucied ws
to glve rongonable mewusrasce of withstanding
dz2terioration in storags for & paviod of isu
{Par K-8 of spacllication}

MIL-F-88738, Fuso Enclosed Lisk, Alp-
crafl. Tols specliicallon covors singlé~als .-
menf fuges rated from B to 130 amp and
used in 115/209 volt, 400 cyely cireuits. The
fuses axe zelf-lndicoting asd do sol roquive
removal fromm the fuse blocks for checking.
Curront-time-~to-blow asd snbient-tempora-
turs corveclion curves are iacludsd in thg
specliication. The iaterrupiing capacily of the
fucen ia 4000 amp st 130 volte rmms (400-
cycley wnd 3500 amp at 803 voliz rma (400-
cycle) with tho arcing #me Umited to 1/3
cyclo. Berh fese has to carry 1is rated jong
far 1800 tours and rsinin its operating char-
sctevistice witbow mainisnauce. 13 shall ales
be capable of opsraing wndar the following
coaditiona

1. Minlmum smident tomperature of -85 C,

Toble 3-8—Currend Radfeg of Pases Made
ia Accordapce with MIL-F-15160C =
15 Apdl 1833

Current rating —“A}

Syrabod _ ( amp)

S

ROOL to RO
ROL0 to ROSY
90ty REDD
tR00 ' BRYD
1050 to BERF
100R to 8651

0.91 o
0.010 i
£.100 to
1.60 to
10,6 o
100 to ¢

0.009

0.089

0.9%9

8.69
§9.9
98.
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;{? | Table 2-T-~Characteristics of Fuses Made i nonindicating iype) and a two-dlgit numbay
£ i Accordance with MIL-F-15166C of indicaiing the design, constructicn, and plys-
;4 ‘ 15 April 1983 : feal dimensions of u particular fuse holder
3 ! mbol e Enclosure tz represanted by & single lettay
44 _iym Rehﬁw Mlowing (effder G, cealed to give some degreo of
3 A Normal (mrm&l interruptiog md‘&v) watertig;htness, oz U, wassuled). ]
} R Time lag .
C i 1 high inte capacity) )
- ormal {very hgh Interrupting Thesa fuse holders caunot be made of flam- i
I mabis or explosive wmaterial or material that }
: ; R _ ¢an produce togic or suffocating fumso whan i
2. Marimum ambient temporature varying the fuso holders are in service, nor can thelr ’

Eapa LT o

Reat A Mt B
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B A SR i A X

e i - i

e e e B

Y T L. cme A e A A

untforwmly from 85 € at aca lsvel to 3C at
23,000 {est and remaining constont thereatler
until 50,000 fest,

3. An galtitude vangs from szea level to
50,000 fant,

4, Expogurs to fungl sncountared in trogd-
cal and semitropical elimatoa,

5, Expogure to gali-ladsn stincapdisra,

8. Relatlve humlidity from 0.3 ¢o 100 pre-
cont,

7. Bxposure o alrborae sand particles oa-
counterad on deserts,

8., Condliticus of Unear vibralion lecidesd &5
normal continuous ugs in sirecafl,

9, Opsrative in an ezploal . vapor witkia
ot gurrounding equipment,

Thoge fuzes are to be uged with the fuaee
hotders described in AMIL-F-53738

MIL~F-19207(8hips), Fussholdars, Exisae-
tor_Post Type, klown Fuase Indicating asd

Nenindicating, This spocificalion covers tume
holdors deslgned for use with instrumen? =md
power fuses toversd by MIL-F-18180. Thess
fuso holdors may be of the nomindleating ox
the blown fuss indicating typos, and thay beve
provisions for panel mounting,

Fugy holdore made in accordsnce t7th ihig
specification are identified in the followisy
Manner:

¥H Lio

S TN

Style Characteristice Enclosure

El

where

Style is comporod of two lotters, FH, indi-
cutlng Tuss holder
Chuac\erisdcs 18 composad of = letter

{either 1, blown fuse indicating typs; o N,

W-F-T91a2 Fuses; Cartridge, inciéa:s-d,
Noarenewabie
W-F-303s Fraeg; Cartiidge, Inciesed,
Henewable (Fugibla Lisks
Net  Separaiely Inolosed),
ol Renawable Links Thero-
tor
W-F-805 Fupe- Ca._r'rldqo Inclomed,
Renewabls  (Fusibiy sk
Separately Incicsad)
CW-T-831 Fures; Plug. Nonronsweble
Jan-P-11381 Puse-Indtcaters, Lamp. Tyve
1084
P e e . e =
T e SR A L TR

current carrying paris be made of any mate-
rial ceataining more than 5-parcent ivom. I
molded plastic material s used in fabricating
these fuss holders, it must conform io
MIL-P-14. Any metals vsed in theso fuge
holders must be either corsosion resistant or
troated to resist corrosion. The uss of dis-
aimilar metals in contact iz wct permitisd
wlesg  they are protected sagatngt sloc-
trolysis,

When resistors are ussd in indleafing-type
fuca holders, thoy muat be in accordanco with
MIL-R-11 and have values thet are spocified
for oach fuge holder. IndicaBing-typo fiss
kolders must nlso have lmobg thint sre mads
of transparent higih-toraperstuso polystysszs
in accordance with MI.-P-3418.

Fuge holders made in accordance with ta
specification have to mest spocified vy
ments for dislectric strength, insulntics rye-
sisisnce, contact resistance, curvent svow-
load, endurancs, temparature rige, ghort v~
cult current, vibraton, shock, accelorzdim,
and moisturs resistance, ‘md ihoy wrast e
axplogion prood,

Othas Bpecificativess

Thare are other epecification- [or fuses
witk nonmilitary charactert. ics or reguive-
menta Thoy ars:
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CIRCUIT BREARERS ) * luinoes fip = Togels Armatues
: . ﬁ machanlam f
A rewdt breator, Mive a fues, can bo ussd /
to protect cifher clreuits or egulpment. &
AU n, & clrewlt breoker ean alze 02 nsed
.23 a guiteh. Ao s protective device, @ elreui?
. brezker chovld be able to carry rated cwrem} '
Andefinitaliiand-Lo-$rip-witha defluddo-Ums-
delay charoclerisiic when an overlcad cecurs,
‘Az a owitcllag device, §2 should bs able to
‘make and break rated «,urmm without onces-
sive arcing ot tho coatacte.
There are oo kasic types of cireuit broalt-
ars-~ihp maguelic type, which doponts wpos i
the clectromagmetic effect of 2 cusresl ia 8 i \ Hermaticalty
L coll; ond the fkermal typo, which ¢opends Arcing Bloweut Moveahis . seoled timo
% upon tho heating effect ¢f current in & ble shomber  contoci  confoct doley unil
metzilic olemeat, The detallp of oach ¢yes aro
1 given in fho postions that follow, e Tig. 3-13. Working parts of 8 magnetic
: “ T RS circuit brealier. {Hotnemans Flectric oy
Magmatic Clrcelt Braskers
. . Cireuit broakers ean 20 uced in several
Toe teipping racchaniom of o magnelic clr- ways I8 alectronic civeults. The coaventional
cull beesker 1o axiuaied by a solencid 10t kg wethod 46 the series overlead txip. Other
a mepvable iren covs withln 8 heimcleally methods commonty aned are the shunt trip,
sonled tube axtsnding through and telow the rolay trip, and the callbrating tag. The dis-
el Tha tuba s eompgtely filled with & vie- singwishing f{entures of oach type ave e~
Lo Eiqulc‘ it cpeirals e vato al which tha cuneed in thy fonowﬂng féﬁ(‘.ﬂ(}?}&- -
core will ba attvacted by ihe volessld, This
costrals the tlwe-dalay charetlorisie of e Horiss Ovarload Triv. Thin method of eir-
cineAt bronkar o3 arorieada. cull Brosker eppllcallon ia tha bost known and
Whes au oestind ooeere, B0 most widsly used fo profoct glactronic cig-
. . hm zullg and equipmant, The Mp ccﬂ ond coa-
- grew, whichis baid awey from tha _
1 Lo e abint - wecty ave in zeries with ths load zuross
8 oxmpyassion gpring, 1z 2lvac ) vonl olts Tiig ranrament is uaed
1 goieonid 28 A rolo Rmz i;s 3 fmxi‘tw f $ho SUYPly | voliage 9 arrRniame nee
. pmwere-iurng of s n tha circutl brosker acts a8 the malin
. @“:&:SN‘ . m",ﬁ 5 s gwiich and ovorload prolactive device in else-
T e NP N;z* 0"” trenic squdpmunt, or i8 uesd for overlosd aad
g Y short cireult protoction of componenis. The
circult arrasgoment 1y shown in Fig, 2-1%
! ently 1o tsiga e . _ _
A duetyeid ﬁn\@,}g}l&y £hag- Ml'i . In thig &}pplic Hon {fv ’l‘._'\"lp N
readily Bl Delo a elreut iz i pavailel with ths lo and the contacts
29 10 series with bolh tha iond and the teip
) oAl no shows in Fig, 3+14, Circult brvekors
aetion of @ cireuif bresior Wispleg va
: olroul is dilforornt from 18y sclion oa . .
3 Whau & phov? clrouit ofeurg, tha e ‘ "
2¢ thirough the coll 13 of muwh s Mgh = & . ] Ling .
mmi'mfb that s magnstowmoilve foree pre- )
ced overcomez the relictence of : [ gC ontacie
U.l‘&t:\s! the ar aa‘im.‘ie lvdi? eipplng 15 Inglan Cireuid 3 p § !
taneosr ®  The ports of & olecudd mwher--»« } " 3
brexsus 1o shown ia lx g 3R Vg et Trig g
e e b i
°“n=.z.s£.miant~0ﬁ(=“ ju oa gualifylni ferwa fuilcatiag 3 H -
. et ne delay I8 parpesely Intreduced 1o i eciton y To
Cof the airgel? bresior. Thore is secvasarily a e L 4 ‘} iood
"- delay fsboutl 0.0% eewond) botwean tha ercerrency ¢ e B . v.,..M..___m..” L NSO Yo
dort clreult zwd the trippbg & o clvea!?
Spreshay boctuw o thy nactis o the Ieippoy ¥le. A-1§8 Ulrcull  breraber swsoecllons for
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Fig. 3-14. Circult broaler connections fog
sunt trip.

oI this typs have thros terminais ger pole—
line, load, and shunt-tzip terminals, Ona end
of tha trip coll is comnected internally to one
of the load terminals and the othor end to the
shuni-trip lerminal. By wsing this type of
circuif breaker, remote gwitching is poesiblo
through circuil closing comtacts located o a
control or gafety interlesk, These interiocks
can bo sensitive to, and their operatics de-
pendant upen, temperature, pressure, humide
ity, time, or any other peramstsr that can bs
measured,

Relay Trip. Thiz iype differs from ths
scrics and shuni-trip types by having tho trip
coll and the ccoincting clement electrically
igolated from each tther. This type of ctreuit
breaker hag four terminzis per pols, aince
the tsip coll and the switchng mechanism
each nood lwo terminals. Rs bagic dealgn is
shown in Fig. 2-15. Since the coil circuit i

T Line

/

breaker L {r:— [ :g__‘_(_—l—
Lo

e

7
Circuit "T}‘ Tg'"'_'}rTrlp colt

i

Fig. 2-18 Cireat Lvaker counectioas for
relay trig

independemt of the contact circuit, it may be
operated at a different veitage from thg Une
voliagy, When the equipment to be protected
in wpevating at kigh voliage or high cursest,
the trip ecil of the circuit brezker mgy,
therefore, tre oparated at a low voltege or igz.
current and atill give all the protection re- .

e e e g

Calib?% Tap. This construction is simi. |
lar io the series overload trip, except that an
additional terminal at the common point ¢of the
contact and the trip cofl i provided, as
shown in Fig. 2-16. This type of clreukt
breaker allows the trip coll to be shunted by
8 fixed or variable resistor to bypass some of
the load current. Changing the vaiue of the
shunting resistor allows the lcad curpest to
ba raised, without increasing ths asize ofthe
circuit bresker. ]

Reverse Current Trip. This type of cireut
~ breaker i used on d-¢ circuits R has two

Logd

{A} {8}

Fig. 2-18. Clrcait brosker connections for cali
brating tap ceastruction. {A} Variable ghunting °
resistor. (B) Fined shunting resisior.

windings oa ona coll form—a2a gories winding

and a #zhunt wdnding—connected in such a l
pisnney thei the fiolds produced by ths colls

are in oppoaition to each other when the cur-

rant {lows n ibs forward direction. Whan the
current flow increages beyond overload In the
normal or forward direction, the fleld pro-

duced by the meries coll Increages until it is
strong enough v overcome the oprosing flux

Bet up by the shunt coil and trip the breaker. -
When the current s reversed (n the geries ‘
winding, the fields produced by the serles and

shunt colls are additlve and produca g flus
strong enough to trip the Sreaker when a pPro-

sat value of reverse current is attained.

P

Characteristics. The prime requistie of any -
circuit breaker 1s its tripping characterigtic.
Othar requirements, such as operating tem-
porature, hemidity and pressure ranges, re- .
siatance to vibration and shock, and fupgus i
resigtance may be necossary for the proger |
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functioning of 2 circuit breaker; but they are
_al} gubsidiary to the msin requirement of the
tripping cheracteviatic. -

From the standpoint of tripping character-
Astie, there are two types of circuit breaksrs:
. {1) tnstantaneous civcuit breskers, which are
used where there is uo curreat inrush or

ey

| S

Wmmzrmm to protect-me-
ters and instruments and {3) me-delay cir-
cuit breakers, which ars used to protect

- eguipment because a certzin smount of inrugh
and gurge current iz persmissible if the dura-
tion of the current 153 not axcessive.

Time-Delay Charactarisiics. Representative
tims-delay characlerisilcs are shown in Fig.
2-17. Comparigon of these cuvves will show
that as the frequency increases, the duration
for any given ioad decreaces. This is & ds-
girable condition since the beating effect of
2 given current lncresgec with its fraquency.

In this figure, curve 1 allows the iongest tims -

delay and is ugsd where & circult is profecl-
ing an individval motor: curve 2 is an inter